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PREFACE. 
EIGHTH EDITION. 



In order to keep pace with the numerous improvements in the science 
of warfare, in each edition of " The Artillebist's Manual, and 
British Soldier's Compendium," a considerable quantity of new 
matter has necessarily been published ; many of the subjects being 
also revised, and altered. Even the last edition of ** The Artillerist's 
Manual, &c.," may in fact be deemed almost obsolete, the present 
compilation containing selections from the following original, or 
revised Works : — 

1. The Infantry Manual. 

2. Field Exercise, and Evolutions of Infantry. 

3. Bayonet Exercise. 

4. Instruction of Musketry. 

5. Cavalry Sword Exercise. 

6. Carbine Exercise. 

7. Pistol Exercise. 

8. Lance Exercise. 

9. Carbine Exercise, Royal Artillery. 

10. Service, and Management of Ordnance. 

11. Veterinary Directions. 

12. Instructions for the Exercise of great Guns on board Her 
Majesty's ships. <••; . - 

Additions, and Alterations will 'also 'appear in the following sub- 
jects; viz.: — 

Additions* 

Loading with blank Cartridges. 

Detail of 9-Poiinder Battery, R.H. A. Home establishment. 

„ 6-Pounder Battery, II.H.A. Do. Do. 

Dislxibntion of a 9-Pounder Field battery, B.A. Home establishment 
Ordnance. Anmiunition. Ranges, &c 
Carriages. Axletrees. 
Powder cases. 

Tangent scales; Land service. Sea service* 
Banges, Sea service. 
Batteries. Sap roller, &c 
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Tackles. Girders. 

Artillery service. East Ikdian. 

Rreworkd. 

Gravity. 

Trigonometry. 

Beconnoitrins^ &c. 

Alterations, 

Percnsslon SauHl arms. 

Manufacture of Cartridges. i 

Instructions for teowning Gun barrels. \ 

Ordnance, length, weight, calibre, fioc. 

Carriages. Field, travelling : Siege, travelling : Garrison. 

Carts. Waggons. Wheels. Pla&orms. 

Cartridges for Guns, Howitzers, &c 

Stofes. 0ombu8tible8,.&c 

Diameter of each Stiot, and Shell 4n the Service. 

Common case, and Grape shot. 

Field battery Exercise. 

Detail of Field batteries. War establishment. 

Do. Do. Uome establishment 

Yeterinaiy dfaiectioQa. 
Field fortification. 
Naval gunnery. 
Fireworks. 

Unaided by the Military, and Naval authorities, &c., it would have 
been impossible for me to have rendered " The Artillerist's Manual 
and British Soldier's Compendium" complete, and adapted for all 
branches of the Sei'vices, and I gratefully acknowledge my obliga- 
tions to— 

The Adjutant-General to the Forces. 

The Deputy Adjutant-General Royal Artillery. 

The Officers of the Manufacturing Departments, Royal A.rBenal. 

The Principal Veterinary Surgeon. 

The Secretary to the Admiralty. 

The Military Secretary to GovenuneBt, India. 

The Inspector-General of Ordnance, &c., Bombay. 

As well as to many otiier official Friends, who have afforded the 
information I needed. 

To this let me add the advantages- I possess in having, for a 
coadjutor, my youngest son, who, being in the same Cargs as myself, 
and having served in the Crimea, b enabled materially to assist in 
rendering the Manual acceptable to our brother officers. 

Being desii-ous that " The ArtiUerisf s Manual, Ik.," should become 
more generally useful in India, an application was made for infomui- 
tion on the subjects contained in Part X. ; and deeply indebted am I 
to the Inspector^General of Ordnance, and Mapusines, Bombay, for 
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the Taluable additions furnished from his office, which will, I doubt 
not, be most acceptable to the officers of the East Indian Army. 

The original Compilation (in 1839) was undertaken chiefly for the 
use of the Non-commissioned officers of the Royal Artillery; since 
which period the Work has been very much enlarged, and has been 
isTourably received by all ranks throughout the Army, having finally 
obtained the gracious approval of His Royal Highness the General 
Commanding-in-Chief;* moreover the officers of the Navy cordially 
welcome " The Artillerist's Manual, &c.," and copies are ordered to 
be included in the libraries of all vessels of war. 

Thus encouraged every endeavour has been mad6 satis&ctorily to 
complete the Work not only as a Manual for the Artillery, but also 
as a Compendium for the use of all ranks of the United Services of 
' the British nation. 

F. A. GRIFFITHS. 
Putney, Augutt 6tA,-1859. 



(Copy.) 

Horse Guards, 

* Memorandum, l^th October j 1856. 

His Royal Highness, the General Commanding in Chief, strongly 
recommends to the Officers, and Non-commissioned Officers of the 
Army, the Revised edition of a Work, entitled *• The Artillerist's 
Manual, and British Soldier's Compendium," a work replete 
with the most useful Military information, and of which Major 
Griffiths, R.F.P., Royal Artillery, is the author. 

By command of 

His Royal Highness^ 

The General Commanding in Chief, 

(Signed) G. A. Wetherall, 
Adj. 'General. 



*^* With reference to the foregoing Memoratkdum; Copies will be 
supplied, for the special mse of Non-commissioned Officers, at the re- 
duced rate of Five Shillings per Copy, vn applications (addressed to 
Major Grippiths, Putney) by Officers Commanding Te^mwi\&, ^^ 
tadmients, &c 
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FIELD EXERCISE, AND EVOLUTIONS OF INFANTRY. 



PERCUSSION SMALL ARMS. 
1. Artillery Carbiiie*. 1853 Pattern. 

Barrel . • • •)-[): 



Length • . . 
Diameter of bore 



Carbine / Length 

^.arDine . ^ ^^ Weight 

Sword Bayonet f Length 

beyond mozzle ( Weight 
Arm complete ( Length 

with bayonet \ Weight 
• The Rifling is 3 grooves- and one turn 



m 



6 ft. 6 



m 



2 feet. 
•577 in. 

3 ft, 4^ in. 
6 lb. 7% oz. 
Ift.l0|in. 
1 lb. 12 oz. 
5 ft. 3 in. 
8 lb. 3} oz. 

530 gr. 
•568 in. 



Charge of Powder, 2 di-ams F. G. 

Weight of 20 Rounds, with 25 Caps = 1 lb. 11 oz. 2 drams. 



2. Enfield Rifle— Musket : 1853 Pattern 

B««i . . -{^Jf: : : : ; 

Three grooves, one turn in 6 ft. 6 in. 

^ . f Length beyond muzzle 

Bajonet . . . | ^^.|^j .... 

Complete with I Length .... 

\ Weight 



Bayonet 
Bullet • • •{ 



Weight 
Diameter 



3 ft. 3 in. 
•577 in. 

4 ft. 7 in. 

8 lb. 8 oz. 
1 ft. 5 J in. 

11 oz. 
6 ft. 0} in. 

9 lb 3 oz. 
530 gr, 
•55 vcu 



T» ,_^i I Length '•••.•••«• 2 ft. 2 id. 
^**^*- • - -"^ Bore -733 in. 



MUSKETS, ETC. [PABT I. 

Charge, 2| drams F. G. 

Sixty Rounds and 75 Caps =: 5 lb. 8 oz. 4 drams, 

3. Victoria Carbine: (For CaYalry.) 
I. . . .{ 

Buuet(sphericai){ ^^ ; ; ; ; ; ; ; ; ; ^^ 

Charge, 2^ drams F. G. 

. , . ( Length .•....•.. 3 ft. 6 in. 

Armcomplete . ( ^e^ht 7 lb. 9 M. 

4. Sharp's Breech Loading Cayalry Carbine. (Long.) 

Barrel ./ ^®"^ ^^* ^°- 

Jjarrei. • • • | Bore -577 ia. , 

Number of grooves, 3 spiral, 1 tnm in 6 ft. 6 in. 

Bullet / Weight 530 gr. 

(Pritchett's) \ Diameter -568 in. 

Charge, 2} drams. 

Armcomplete . | If^, ^Tk iV°' 

^ \ Weight • • « « 7 lb. 6 oz. 

5. Sharp's Breech Loading Cavalry Carbine. (Short.) 

^.,^1 / Length 19-15 m. 

®*^'* • • • \ Bore -577 in. 

Number of grooves, 3 spiral, 1 turn in 6 ft. 6 in. 

Bullet / Weight 530 gr. 

(Pritchett's) \ Diameter '568 in. 

Charge, 2^ drams. 

Arm comnlete / ^^^ 3 ft;. 1 J in. 

Arm complete . ^ y^^.^^^ ..,.•••,. 7 lb. 9 oz. 

6. Cavahry Pistol, (k Tige.) 

B-i {i^r. ::::::: : : -^^T^ 

Number of grooves, 5 spiral, 1 torn in 6 ft. 6 in. 
Charge, 1 dram. 

Bullet i "^^^^^ ^^^ ^• 

Buuet ... I Diameter -568 in. 

Armcomplete { ^g^ ' ; ' ; ; ; ; ; ; 1%;''^^^,^ 

7. Naval Rifle. 

1842 Pattern. Percussion musket, Rifled with 3 or 4 grooves. 

Bullet with iron f Weight 848 gr. 

cup ( Diameter • i • • *746 in. 

Charge, 3 drams F. G» 
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MAKUFAGTURE OF CARTRIDGES. 

1. Ereiy recruit is to be instracted in the method of manufacturing 
cartridges tor his rifle in the following manner : — 

2. Having cut the paper according to the size and patterns shown 
in plate, for cartridges for the rifle-musket or carbine, — 



B 



(€ 



I* 



^ Inehts 

SUfflViper, 
Pattern No. 1. 



J7/a 




<€~^' 



Inner Envelope, 
^ Pattern No. 2 

CO 



3Vs 







B 



— r 
\ 






2'/i^ 



Outer Envelope, 
Pattern No. 3. 
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1. Form the powder^cxse. Roll the stiff paper, pattern No. 1, 
tightly about 2} times round the ^ mandrel/' which is to be 
laid on the side opposite the acute angle, or AB, with its 
base coincident with the broader side, or AD ; then place 
the " inner envelope ** paper, pattern No, 2, on the top of 
the stiff paper, with the side opposite the acute angle, or 
AB, of the former about J of an inch from the acute angle, 
or CD of the latter, and roll said envelope tightly on the stiff 
paper and mandrel ; afler which slighUj twist the end iVo^ 
overlaps about } of an inch, or AC, and foVd \t VnVo Vk<^ 



BLANK CARTRIDGES. [PART I.: 

hollow at the base of the mandrel, making use of the point 
of the " former/' to close the folds and adapt the paper to 
the cavity, which is to receive the point of_the bullet, being 
careful to secure the bottom of powder-case, so that no 
powder can escape therefrom. 

9. Unite the btUlet toith the ponoder-case. Put the point of the 
bullet well into the cavity of the powder-case, and place 
both so fixed on the side of " outer envelope " paper, pattern 
Ko. 3, opposite the acute angle, or AB, and about ^ an inch 
from the broader side, or AC ; roll the ** outer envelope " 
tightly round bullet and powder-case with the mandrel still 
in it, then twist or fold the paper that overlaps, and tie it 
as close as possible to the base of the bullet ; after which 
place the base of the cartridge on the table, and withdraw 
the niandrel with care» by pressing the powder-case with one 
hand while raising the mandrel with the other, so as not to 
separate the powder-case from the bullet, both of which 
must be kept as close as possible to prevent any play at 
the juncture, which would soon render the cartridge un- 
serviceable. 

3. Charge the j?ow<for-castf.— Place a funnel into the mouth of 

the powder-case and pour 2^ drams of powder (represented 
by sand) or a less quantity, according to the arm used, info 
it; remove the funnel, being careful that none of the 
powder or sand escapes between the inner and outer en- 
velopes ; and secure the charge by squeezing the tops of the 
two envelopes close to the stiff paper of powder-case, and 
giving them a slight twist with a pressure inwards, laying 
the ends on the side of the cartridge. 

The slits in the outer envelope are made to facilitate its 
detachment from the bullet when fired. 

4. Lubricate the cartridge. — The cartridge being completed, dip 

the base up to the shoulder of the bullet, into beeswax, 
melted. 



LOADING WITH BLANK CARTRIDGES. 

Blank cartridges are composed of the same number of parts as the 
l^rvice ball cartridge, viz., an inner bag, containing the powder, a 
inock bullet consisting of a paper bag, with a muslin bottom filled 
with fine-grain powder, and an outside bag to contain both. In order 
to insure the fiash of the discharge igniting the powder in the mock 
bullet, and to prevent its being projected from the musket entire, a 
portion of the bottom of the outside bag is cut away. The operation 
of loading with Ihe blank cartridge is to be performed in exactly the 
aarae manner as with the ball cartridge. Care must be taken that the 
cartridge is reversed after the powder is poured into the barrel, and 
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that the mock bullet, which occupies the portion covered with beeswax, 
is ahne rammed home upon the powder, the empty powder-bag being 
detached in the usual way before the ramrod is inserted. 



SMALL ARM AMMUNITION. 

Dimensions of Boxes, 

. Length, 1 ft. 4 in. Depth, 8J in. Breadth, 7^ in* 

Including the cleat. 

Weight of Boxes. 
Empty, 7 lb. 6 oz. 

Contents and Weight of Barrels, and Boxes. 





Barrel. 


Box. 


m 


No. 
of Car- 
tridges. 


No. 

of 

Caps. 

625 

875 

1000 

875 


Weight 
filled. 


No. 
of Car- 
tridges. 


No. 

of 

Caps. 

700 
825 
750 


Weight 
fiUed. 


Rifle Musket, Pattern 1 842 
Kifle Musket, ,, 1853 
Artillery Carbine . . . 
Victoria Carbine . . . 


500 
700 
800 
700 


lb. oz. 
79 
73 8 
81 8 
69 


560 
660 
600 


lb. oz. 

60* 6 
63 
60 8 



INSTRUCTIONS FOR BROWNING GUN BARREI^. 

The following ingredients for the browning of arms are to be 
mixed, and dissolved in one gallon of soft water, viz. : — 

6 ounces of Spirits of wine \ 

6 „ „ Tincture of steel I The mixture is to be kept in 

2 „ „ Corrosive sublimate \ glass, not in earthenware, 

6 „ „ Sweet spirits of nitrd I bottles. 

B „ „ Nitric acid ) 

Previous to commencing the operation of browning, it is necessary 
that the barrel should be made quite bright with emery or a fin? 
smooth file (but not burnished), after which it must be carefully 
cleaned from all greasiness ; a small quantity of pounded lime rubbed 
well over every part of the barrel is best for this purpose : a plug of 
wood is then to be put into the nose of the barrel, and the mixture 
applied to every part with a clean sponge or rag. The barrel is then 
to be exposed to the air for twenty-four hours ; after which it is to be 
well rubbed over with a Steel scratch-card, or Scratch-brvsh^ \lS!Aa^.^3Qa^ 
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rast is entirely removed ; the mixture may then be applied again, as 
before, and in a few hours the barrel will be sufficiently corroded for 
the operation of scratch-brushing to be repeated. The same process of 
scratching off ithe rust and applying the mixture is to be repeated twice 
or three times a day for four or five days, by which the barrel will be 
made of a very dark-brown colour. 

The barrel is then to be exposed to the air in a warm room for 
twelve hours, after which time it is to be well rubbed over with a 
hard hair-brush, or armourer's brush, until the rust is entirely removed. 
The mixture is then to be applied again in the same mannei* as before, 
and in six hours the barrel will be sufficiently corroded for the opera- 
tion of scratch-brushing. The process of scratching off the rust and 
applying the mixture is to be repeated twice or three times a day for 
four or five days, by which time the barrel will be of a dark-brown 
colour. 

The rust which is raised by each successive application of the 
mixture is always to be removed at first with the hair-brush previously 
to using the scratch-card, as the latter is otherwise found to remove 
the browning. The operation of scratch-carding is only to commence 
after the second application of the mixture. 

When the barrel is sufficiently browned, and the rust has been 
carefully removed, it is to be placed in boiling water for three or four 
minutes, in order that the action of the add mixture may be destroyed 
and the rust prevented from rising again. The barrel while warm is 
to be rubbed over with sweet oil, or common olive oil. The operation 
for browning should be conducted in a dry and warm room ; a 
temperature of about 70 degrees is the most favourable. The locks are 
on no account to be made of the hardening colour, as the repetition of 
the operation of hardening has a very injurious tendency. 



FIELD EXERCISE, AND EVOLUTIONS OF INFANTRY.* 

MARCHING. 

Part I. — S» 7. Length of Step, 

In slow or quick time the length of a pace is 30 inches, except 
in "stepping out, ' when it is 33 inches, and in " stepping short" 10, 

In ** double time " the length of the pace is 36 inches. 

The length of the side step, which is always taken in quick time 
is 10 inches. ' 

N.B. When a soldier takes a side pace to dear or cover another 



* yote. In consequence of the limited sixe of this Manual, extracts onlr 
have been taken from " Thb Field Exebcisk amd En'olutions or Infahtky '• 
the matter selected being that generally required in the field. ' 

The Parts and Sbctiowb are numbered in oonformity tvith the authoriz«^ 
pttblication. 



In slow time 75 steps 
In quick time 108 „ 
In double time 150 »» 
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as in forming four deep, which wUl be hereafter described, the pace 
will be 21 indies. 

In stepping bock the pace is 30 inches. 

8. 8. Cadence. 

62 yurds 18 inches 1 are taken 
90 „"--„> in a 
150 M — »f J nunute, 

8. 41. Open order from the Halt, 

f Rear rank, take open order, March — Rear rank, dress — ^Eyes, front 
•—Rear rank, take close order, March. 

8. 44* Open order on ihe March, 

f Rear rank take open order— Rear rank take close order. 

8^ 57. Breaking off Files. 

fThree files on the left, to the right-tum^-LeftrwheeU 

J%e front of the Sqxtad may he further reduced by any number of 
JUes; suppose Tujo: 

f Two files on the left, to the right-turn — Left-wheel. 

Any nuniber of Files that have been broken off may be again ordered 
io the front; suppose Three: 

f Three files to the front — Two files to the front. 

AU the FUes may be brought to the front at once by the Word9~^ 
fFUes to the h-ont, 

FUNERALS, 

Part VI. — 8, 21. Directions for Funeral parties. 

The escort will be drawn up two deep, with opened ranks and 
nnfized bayonets, facing the house, or marquee, where the corpse is 
lodged ; wnen it is brought out, the officer commanding will proceed 
■s mllows : — 

Present arics — Reverse arms — Rear rank takb close 
ORDER, March — By Companies (or Sub-divisions), Left 
wheel, or on the Right backwards wheel— Quick march — 
Halt— Dress — Rear rank take open order— March— To t^e 
LEFT — Face— Slow— Marcs. 



* VI^Mrds^ Commund and Directions i-^ 

The Commander's wordB are printed in . . . Skall'Oapita];s. 

TheExecativewonU»8BC f Small Print 

The DirecUonsi &C. JtaUes, 
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The remaiader of tiie procession will be thas formed : — 

THE CORPSE, 

Pall-bearers on each side of the corpse. 

Chief mourners. 

Officers^ or Kon-oommissioned officers, two and two, according to 

rank, the juniors in front. 

When the head of the procession arrives near the spot where it is to 
meet the Clergyman — 

Companies (or Sub-diyisions) left turn, right wheel-^ 
Halt — RaKes inwards pace< — Front rank four paces step 
BACK — March — Rest upon your arms reversed— Stand at 

EASE. 

The Corpse having passed through'^ 

Attention — Reverse arms — Ranks, right and left face — 
Slow march — Halt — Front^ when near the grave and facing 
towards H — ^Rest on your arms reversed — Stand at ease. 

The Ilineral service will be performed , after which — 
Attention — Present arms — Shoulder arm& — With blank 

CARTRIDGE, LOAD — FiRE THREE VOLLEYS IN THE AIR — ReADY 

Present — ^Load. 

After firing Three rounds the men will be directed to " Order arms 
— ^Fix bayonets — Shoulder arms," and the ranks will be closed. The 
escort will then be marched back to camp, or barracks, in fours, sub* 
divisions, or sections, right in front, in quick time. 

iS^. 22. 

MANUAL, AND PLATOON EXERCISES. 

T?ie Manual exercise for Troops armed with Long Rifles, 



Words of covranand, 

fl. Secure, arms — ^T wo— Three. 
2. Shoulder, arms — Two — ^Three. 
S. Order, arms — ^Two— Three. 

4. Fix, iMtyonets. 

5. Shoulder, arms — ^Two. 

6. Present, arms — ^Two— Three. 

7. Shoulder, arms — Two. 

8. Port, arms — Two. 

9. Charge, bayonets. 

10. Shoulder, arms — ^Two. 

11. Advance, arms — ^Two— Three. 

12. Order, arms — Two — Three. 

13. Advance, arms — ^Two. 



Words of command, 

14. Shoulder, arms — Two — ^Three. 

15. Support, arms — ^Two — Three. 

16. Stand, at ease. 

17. Attention. 

18. Carry, arms — ^Two — Three, 

19. Slope, arms. 

20. Stand, at ease. 

21. Attention. 

22. Carry, armi^— Two. 

23. Order, arms. 

24. Unfix, bayonets, 
26. ^tand, at ease. 
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S. 23. The Manual exercise for Troops armed with the Short Bifle, 



f 1. Secure, arms — Two. 
' 2. Shoulder, arms — Two, 

3. Order, arms-i— Two. 

4. Fix, swords. 

5. Shoulder, arms — Two. 

6,- Present, arms — ^Two— Three. 

7. Shoulder, arms — ^Two, 

8. Port, arms — ^Two. 



10. Shoulder, arms — ^Two. 

11. Slope, arms — ^Two-^Three, 

12. Stand, at ease. 

13. Attention. 

14. Carry, arms — ^Two-^Three. 

15. Order, arms. 

16. Unfix, swords. 

17. Stand, at ease. 



'9. Charge, swords. 

The foregoing exerdse is applicable for Serjeants, and supersedes the 
•* Fusil exercise." 

8, 26. The Platoon exercise, and different Firings for th^ Long 
and Short Rifle, 

t Platoon exercise bj motions, standing. 



7. As a Front or Rear rank, at 

yards — Ready. 

8. Present — Two— Three — ^Four 

— Five. 

9. Load. 



»> 



1. Prepare to load — Two. 

2. Load — ^Two— Three — Four- 

Five. 

3. Rod— Two. 

4. Home — ^Two — ^Three — ^Four, 

5. Return — Two. 

6. Cap— Two— Three— Four- 

Five— Six. 

From the Capping position, 

t Shoulder, arms — ^Two, 
Advance, arms, or Shoulder, arms, with short Rifle — Two, 

Order arms. 

To " Order arms ** from the position of ** Prepare to load. 

f Order arms. 

TO LOAD, AND FIRE KNEELING. 

f Plato<Ni exercise by Motions, as a front (or rear) rank, kneeling, • 
Prepare to load — ^Two— Three — Four, 

Load. Rod. Home. Return — Two. 

Cap— Two— Three— Four— Five— Six. 

As a front (or rear) Rank at yards — Ready. 

Present — Two — Three — Four — Five. 

Load. 

From the Capping position, kneeling, 

f Shoulder, arms — ^Two, 

Advance, arms (or Shoulder, arms, with Short rifles) — Two. 

Order, arms. 

jyoops armed with the Short Rifle will always fire Frorvit twpX 
kneeling. 



10 FiRmas. [past i. 

8,2T, Betiew Exercise. 

t Platoon exercise in Slow time. 

Freiwre to load. Load. Rod. Home. Return. Cap. • 

Fire a rollej at yards — Ready. Present. 

In Quick time, load — Shoulder, arms. 

Company (Right wing, or Battalion) ** Fire a volley " 

At yards — RaEtdy. Present. Cease firing. Half'KMck arms. 

When it is not intended to reload after firing — 
t Fire a volley, and shoulder — ^At yards — ^Ready* 

When a Column, or Line is required to load--^ 
t With — Cartridge (or, as with Cartridge) — 'Load« 



FiRmas. 

S, 28. Independent, or FiLE-FiBiNa« 

fFile-firing, from the right (or left, or from both flanks) of Com- 
panies. Commence firing-— Cease firing. 

S. 29. Exercise to receive Cavalry. 

fPrepare to resist Cavalry — Ready — Commence firing from the 
right (or left, or from both flanks) of Faces — Cease firing. 

Kneeling ranks (or Front face, &c., as the case may require) — ^Fire 
a volley. 

At yards, Ready — Present — Load. 

In, squares of two deep, the front rank only moUI kneel to resist 
CavcUry, 

8, 30. To Fire a Feu db Joie. 

The Line drawn up at open order, with shouldered arms, and bayonets 
fixed, 

fWith bknk cartridge — ^Load — Ready — ^Present 

The right-hand m/on of the front rank commences the fire, which wHl 
run down the front, and up the rear, as quick as possible. When the 
right-hand man of the rear rank has fired, the whole will glance their 
eyes to the right to bring the firelock to the capping position, and 
from thence to the loading positum, and when loaded and capped they 
will remain steady, waiting for the words-^ 

t Ready, Present. 

Shoulder, arms^ — Present, arms. 

Shoulder, arm»-^Order» arms — Three cheers. 

Wien Artillery are present, and are ordered to fire twenty^ne gunSf 
seven will be fired before each round of the Feu dejoie. 
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INSPECTION OF ARMS, &C 

iS^. 31. Manner of inapecting a Company on parade. 

fAttention — ^Fix, bayonets — Shoulder, arm»— Rear rank take Cfpen 
order — March — Port, arms— Half«oock, ann9-~<Shoiilder, arms— -Order, 
arms«-^£xamiiie, anm^— Rod-— Home — Return. 

An inspection of the Appointments, Clothing, ^c, is now to be made, 

fUnfiz bayonets — Rear rank, take close order, Marcb-^tand at 
ease. 



BAYONET EXERCISE. 



Section 1. As soon as the Recruit is sufficienfly instructed in 
**Mardiing; the Facings, &c. ; Shoulder arms; Port arms; and 
Charge bayonet" of '^ the Manual exercise," Squads (not exceeding 
sixteen men) may fall in with shouldered arms in single rank, and 
dof^e files, and be formed in two ranks for Drill practice, by the 
■following " toorcfe of command," 

fPrepare for Bayonet exercise — Quick march. Port arms. Charge 
bayonet. Slow time. Second position. Third position. Second posi- 
tion. Advance. Retire. Double advance. Double retire. First position. 
-Shoulder arms. Order arms. Stand at ease. 

Section 2. After coming to f " Attention," "Shoulder arms,** 
** Port arms," and ** Charge bayonet *' (as before), the Drill is re- 
sumed by — 

f Drill practice. Guard. Balance arms. As you were. Slow time. 
Point — Two, Low. Point — Two. High. Point — Two. Shorten arms. 
Point — ^Two. Second point. Point — ^Two. Guard. Shoulder arms. 
Order arms. Stand at ease. 

Section 3. On resuming the Drill, as pointed out in the previous 
Section, it proceeds with — 

fGuard — Variations of the Point — Right — Left; — Low — ^High- 
Right — Low — Guard. 

Section 4. The preceding Practices should be performed with the 
right shoulder and foot to the front, for which purpose the Squad, 
being brought to the position of *' Guard," the command is given — 

"About." 

The whole of the preceding Practices are then to be gone through 
by the same words of command, and the Squad is brought to its 
proper front from the position of ** Guard," as follows— 

t^bout. Shoulder arms. Order arms. Stand at ease. 

SEcnoN V. — ^Review Exercise. 

The Company or Battalion being in Line at " Shoulder 8cnn&** «xA 
doeed ranks,. the cammand.is given—* 
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fPrepare for Bayopet exercise. Quick march. Review exercise — 
Goard. Point — Low. Point— High, Point. Shorten arms. Point. 
Second point — Point. Guard — Right. Point— Left, Point: — Low, 
Point — High. Point — ^Right. Point — ^Low, Point. Guard. Shoulder 
jsaws. Order arms. Stand at ease. 

The above movements are then to be gone through with the right 
shoulder and leg forward, the command ** About ** being given from 
the position of *' Guard," by following the instructions laid down in 
the preceding Section ; and on the Exercise being finished, the Com- 
pany or Battalion (after coming to the ** Shoulder arms *') is re-formed 
** Two deep " by the command, " Form line — Quick march *' — " Stand 
at ease," as hitherto directed. 

Section VI. Attack, aistd Defence against the Sword. 

For this purpose a Squad (in two ranks) is formed and extended, so 
that the Files are two paces apart, with an interval of three paces 
between the ranks, the front rank having the swords. 

The Front rank being at " Slope swords," and the Rear rank at 
** Shoulder arms," the comnumd is given — 

t Front rank — Right about fece. Guard. Prove distance — ^Two. 
Point — Point — Point — ^Point — Point — Point — ^Point. Shoulder arms. 

Continuation of the *' Attack and defence " between the two weapons, 
•as follows, but first in two motions — 

t Guard. Point — Two. Guard — Point, Guard — ^Point. Guard. 
^Shoulder arms. 



INFANTRY SWORD EXERCISE. 

Words of command throughout 
THE PROGRESSIVE INSTRUCTIONS OF THE DRILL. 



The words in Italics are to serve as a Caution only. 



Section I. 

EXTENSION MOTIONS, AND POSITIONS. 

Attention. 

First extension motions, — One — Two — Three — Four — Five. 

First position in three motions. — One — Two— Three. 

Second position in two motions, — One — Two. 

Balance motions. — One — Two — Three — Four. 

First position. 

Third position in two motions. — One — Two. 
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Second extension motions, — One — Two— Three. 
First position. 

Front. 

Stand at ease. 

Attention. 

Positions. 

First— Second— First— Third. 

First — Second — Third — Second. 

Single attack— Doable attack. 

Advance — Single attack — Retire — ^Double attack. 

Front — Stand at ease. 



Section II. 

PREPARATORY INSTRUCTION WITH THE SWORD. 

Attention. 
Draw swords — Return swords — Draw swords — Slope swords. 

Stand at ease. 



Attention. 

Prepare for Sword exercise. 

Rigl)t prove distance — Slope swords. 

Front prove distance — Slope swords. 

Assault. 

One— Two— Three— Four— Five—Six— Seven. 

First Point— Two— Second Point— Two— Third Point— Two. 

Defend. 

Second— Third— Fourth— Fifth— Sixth— Seventh. 

Parry — Two. Slope swords. Stand at ease. 

Attention. 

Guard — Inside guard — Outside guard. 

Cut one. First guard. 

Cut two. Second guard. 

Cut three. Third guard. 

Cut four. Fourth guard. 

Cut five. Fifth guard. 

Cut six. Sixth guard. 

Cut seven. SevenUi guard. 

First point. Two. 

Second point. Two. 

Third point. Two. 

Parry. Two. 

Guard. Slope swords. 

Stand at ease. 
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Section III. 

RE7IEW, OR inspection EXERCISE. 

Attention* 

Prepare for Sword exercise. 

Right prove distance — Slope swords. 

Front prove distance* Slope swords. 

Guard — Inside guard — Outside guard.' 

One— Two— Three— Four— Five-^ix— Seven, 

Points — First — Second — Third — ^Parry, 

Guard — Slope swords. 

SWORO PRACTICE. 

Guard, 
Inside, and outside Cuts. — One — Two — ^Three— Four — Five — Six, 

Inside guard. 
Outside Cttfo.— Two— Four— Six. 

Outside guard. 

Inside Cuts, — One — Three — ^Five. 

Guard — Slope swords — Stand at ease. 



Section IV. 

ATTACK, AND DEFENCE. 

Attention. 

Front rank. Right about face— Prepare for Attack, and Defence. 

Prove distance — Slope swords. 

Guard — Inside guard — Outside guard. 

Left cheek — Right cheek — Wrist — Leg, 

Left side — Right side — Head. 

First point— Two— Third point— Two. 

Guard — Slope swords. 



Point, and Parry, — Guard— Third point — Point. 
Point (continuing as long as requisite). 
Guard — Slope swords — Stand at ease. 



Section V. 

STICK DRILL. 

First Practice, 

Guard — Continuing the same words of command and movements 
as in the ** Attack and Defence " in Section 4th, omitting the word 
•* Tjfo " in the delivery of each point. 
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Second Praotice, 

Gourd — Continoing, &c., as the *' Point and Parry/' but not et* 
oeeding Six points. 

Third Practice. 

Guard — Leg — Inside guard — Leg. 
Outside guard — Leg — Guard — Slope swords. 

Fovarih Practice. 

Guard-— Head — Head — Leg — Leg — Head — Head^Guard, 

Slope swords. 

Fifth Practice, 

Head — Head— Arm — Head — Head — A rm. 
Head — Head — Right side— >Head — Head — ^Right side. 

Slope swords. 

When perfect, by Word of command, the whole of tiiis Section is 
to be performed in Quick time, by the drill officer naming only the 
practice required, but first giving uie caution — Stick drill by practice 
divisions, 

Pabt II.-^enskal Principles. 

YU. Melaiive Proportion of Paces to Files, 

Each man occupies a space of about 21 inches ; therefore, to ascer- 
tain the number of paces of 30 inches required for a given number of 
files, multiply the number of files by 21, and divide the product by 
SO ; or use the multiples of these numbers, that is, multiply by 7 and 
divide by 10, the latter operation being accomplished by cutting off 
the last figure, which multiplied by 3 will designate the odd inches. 
It will be useful to remember, that 10 files require 7 paces, 20 files 
14, and so on — one hundred files 70 paces, a thousand files 700* 



A CX)MPANY IN LINE, AND COLUMN, 

S. 1, Ibrmation of a Company in Line, 

Caution — ^As a Company in Line. 

1. Ibrmation in Close order. — On the above caution, the captain 
will place himself on the right of the front rank, covered by hit 
covering serjeant, who will be on the right of the rear rank ; the 
remaining officers and Serjeants will place themselves in a third or 
supernumerary rank, three paces from the rear rank ; the lieutenant 
in rear of the second file from the left, the ensign in rear of the centre 
of the company, the third supernumerary in rear of the left sub- 
division, the fourth in rear of the right, the fifth in rear of the left, 
and so on. When a company is formed smgly, or "s<i\i«a. \\. \& 
manoeuvring, the drununers and pioneers wUl sd&o \)« m \}Ki^ f^wgct- 



16 A COMPANY m LINE, AND OOLUMN. [pJiRT U 

numerary rank, the former in rear of the second section, the latter in 
rear of the third section ; the lieutenant and ensign will always retain 
tiieir places ; the serjesuits and men composing the rest of the super- 
numerary TBjkk will divide the space in rear of their respective sub- 
divisions and sections. 



• Rear rank, dress — Eyes front. 
Supernumerary rank, dress— Eyes front. 
On the worrf Steady, t?ie officers toill 
port their swards. 



2. Taking open order, 

* Rear rank take open 
ORDER — March. 

Steady. 

3. Besuming Close order. 
Bear rank take close order — March. | 

8. 4. Open order, on the March, 

A company in column, right in front, marching in slow time, will 
take open order in the manner described in Section 44, Part I. The 
officers will recover their swords and move out in double time to their 
places in front of the company, porting their swords as they take up 
the slow time ; the captain will be in front of the second file from the 
right, the lieutenant in front of the second file from the left, the 
eusign in front of the centre^ at three paces distance^ as in line ; the 
covering serjeant will move up to the place vacated by the captain, and 
will lead the company ; the supernumerary rank will mark time three 
paces. 

The company will resume close order in the manner described in 
Section 44, Part I., the officers recovering their swords, and moving to 
their proper places on the word order, carrying their swords, and, 
taking up the step as they arrive at their respective posts. 

WHEELING FROM THE HALT. 

8, 5. A Company wheeling, from the Halt, from Column into 
Line, 

Caution. — As a Company in column, right in front. 

Left wheel into line — I Company — ^Halt. Dress. 
Quick march. | Eyes front. 

A Company in Column, lefl in front, will be taught to wheel into 
Lme in a similar manner, on the Commands — 

Right wheel into Line, &c 

8, S, A Company wheeling from the Halt, from Line into Column, 
. Caution — As a Company in Line. 






* Vide Note *, jpage 7. 
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Opew oolumj?, right in 
FBONT. Right about 
FACE. Right wheel, 
Quick march. 



Company, Halt — Froni— Dress, 



A Company in Line mil aho he taught to wJieel into an open Column, 
Left in front, in like manner ; the Company, having been faced about, 
wil wheel to the left 

S, 7. A Company wheeling any gioen number of paces, on either 
flank, from the Halt, 

— ^ Paces, right (or 

left)— WHEEL; OR 

Paces on the 

bight (or left) 

BACKWARD WHEEL. 

Quick march. HaH— Dress. Eyes front. 

The eighth File wheeling eight paces will complete the quarter circle, 
four paces the eighth of a circle, and two paces the sixteenth of a 
circle, 

8, 8. A Company whe^ingon the Centre, from the Halt, 

On the centre, right (or left) 

WHEEL. Quick march. Company, Halt — Dress. 

8, 9. Wheeling forward by Sub-divisions, or Sections, from Line, 

1. Wheeling forward by Subdivisions, 
By sub-divisions, right wheel. Quick march. | Halt — Dress. 

In like manner a Company will wheel by Sub-divisions to the Left. 

2» Wheeling forward by Sections, Similar to Subdivisions, 

8, 10. Wheeling backward by Subdivisions, or Sections from Line. 

1. Wheeling back on the Left, 

By sub-divisions (or sections) on the | 

Left backwards wheel. Quick march. | Halt — ^Dress. 

2. Wheeling back on the Eight, In like manner Sub-divisions, or 
Sections, will wheel backwards on the right. 

8. 11, On Open column of Sub-divisions, or Sections, Wheeling 
into Line, 

1. A Column, right in front, wheeling to the left, into Line, 
Left wheel into line. Quick march. | Halt — Dress. Eyes front, 

2. A Column, left in front, wheeling to the right, into Line, In 
like manner a Company in column of sub-divisions, or sections, left 
in front, will wheel into Line on the commands — Right wheel into 
XJNE, &c. 
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Wheeling on a moveable pivot. 
S, 12. Wheeling from Line into Column, and Column into Line, 

1. jFVom Column into Line, 

Right (or left) wheel into line. | While on the march. 

2. From Line into Column, 

Companies (sub-divisions, or sections) [ 

right (or left) wheel. I While on the march. 

On the 'move, by companies, sub-divi- I 
signs, &c. I From the halt, 

8,1^, Columns changing direction. 

Change direction to the right, (or | Each company, ^c, 
left). I mil wheel in snwcession. 

If a Company wheels the same number of paces that it contains 
files, it will complete the quarter circle ; if half that number of paces, 
it will complete the eighth of a circle ; and if a quarter of the number, 
it will complete the sixteenth of a circle. 

8, 14. The Echelkn march of Sub-divisions, or Sections, 

Take ground to the right, (or left) in echellon. 
On the move, by sub-divisions (or sections) right 
(or left) wheel. Quick march. — Forward. 

A Company on the march will take ground to a flank in echellon 
in the same manner, the command being ** by sub-divisions >(or 
sections), right (or left) wheel, forward. — re-form com- 
pany, forward." 

MISCELLANEOUS MOVEMENTS, AND FORMATIONS. 

♦ 5'. 16. A Company, in Column of SuJlnJlivisions, (or Sections) forming 
to the reverse flank, 

A Company in Column of sub-divisions, right in front, will fohn to 
the Right, as follows : — 

Right form Leading sub-division right wheel. Forward. 

COMPANY. Halt — ^Dress. 

Left sub-division right wheel. Forward. Halt — 
Dress up. Eyes front. 

A Column of Sub-divisions left in front will form Company to the 
Lefl in like manner. A Column of Sections will form Company to the 
Reverse 6ank on similar principles. 

* ^.23. Counter-marching, 

A Company in column, right, or left in front. 

Countermarch by ranks, right and left I Company — Halt 
FACE. QUICK MARCH. | — Front — Dress, 

* In consequence of the limited size of this Manual, the Sections which 
consist chiefly of directions are necessarily omitted. 
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COUNTEBMAROH BT FILES. TO THE RIOHT (OR 

left) face, left (or right) oodnter- Hali-r-Frontr^ 

MARCH. QUICi: MARCH. Dl^S. 

A Oompanjr in line may also be countermarched hj Files, or Ranks. 

When a Company is to countermarch by files, it will always be 
faced from the future pivot flank, and will be marched up to it. When 
a Company is to countermarch, and continue its march, it may move 
in fours;. 

INCREASING, AND DDilNBHING THE FRONT OF OCHiUMNS. 

8, 24. A Company diminishing Front, by forming Subdivisions 
from the Halt, 

Caution — As A Company in column, right (or left), in front. 

Right in front. 
Form stjb-divisionb. left sub-division, right | Halt— Frontrt— 

ABOUT THREE-QUARTERS FACE. QUICK MARCH. | DreSS. 

8, 25. A Company diminishing Front by forming Subdivisions on 
the march. 

Eight in front. 

Form sub-divisions. I Left sub-division — Mark time. Right 

I half turn. Front turn. 

The foregoing principles equally apply to a Company in Column, 
left in front, in which case the right sub-division will double in rear 
of the left. 

8. 26. Subdivisions diminishing JFWmty by forming Sections, 

The directions that apply to the formation of Sub-divisions from a 
Company, apply equally to the formation of Sections from Sub-divi- 
sions : if the Company is halted, the Drill instructor will give the 
words — Left (or right) sections, right (or left) about 
THREE-QUARTERS FACE, QUICK MARCH ; but, if ou the march, the 
Captain will give the words — " Lefl (or Right) sections, Mark time; 
Right (or Left) half-turn" to both Sections. The Section leaders 
giving the words " Halt — ^Front — Dress," or " Front-turn." 

;S^. 27. Sections increasing Front by forming Sub-divisions from the 
Malt. 

Form sub-divisions, left sections left I Halt — Front, 
half face, quick march. I Dress. 

8, 28. Sections increasing Front^ by forming Sub-divisions on the 
March, 

Eight in front. 

Form sub-divisions. I Left Sections, Left half-turn, Double, Front 

I turn. Quick. 
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^ Colanm of Sections, left in front, will fonn Sub-divisions in like 
jQoannery both from the Halt, and on the march. 

8, 29. Sub-dixfisions increasing Front hy forming Company. 

The directions, that apply to the formation of Sub-divisions from 
Sections, apply equally to the formation of a Company from Sub- 
divisions. 

S, 30. Diminishing^ and increasing Ihmt by breaking off FileSf and 
bringing them again to the Front. 

Files virill be broken off, as described in Sec. 57, Part I. 

8, SI. Increasing, and diminishing Front by breaking into Fours, or 
Files, and re-forming Sections, Sub-divisions, or Company. 

A Company, or open Column of Sub-divisions, or Sections, right in 
front, may advance from the right in Files, or Fours, by the words — 
Right facb (or Foubs right) left wheel, quick march ; if 
the Column is Left in front, the fours, or files will advance from the 
Left in like manner. These movements may also be done when the 
Column is on the march, the commands then being — Fours right, 

LEFT WHEEL ; FOURS LEFT, RIGHT WHEEL ; or RIGHT (OR LEFT) 
TURN, LEFT (OR RIGHT) WHEEL. 

SQUARES. 

S. 32. Forming close Column of Sections, and Company square. 

For this formation the Company will stand with fixed bayonets, and 
shouldered arms. 

Form close column of sections. Quick march. I 
Prepare for cavalry. Ready. | 

The Company will be re-formed, as follows : — 
Re-form column, re-form company. Quick march. J 

S, 33. Forming Sallying Squares, 

Form Rallying square. The square will advance 
(retire, or move to the right, or left), in- 
wards FACE. QUICK MARCH. 

To resist Cavalry. 
Halt. Prepare for cavalry, ready. | 
When the Square is to be reduced ; 

\ Re-form Company (Sub-division, or Section.) 

PROVINa. 

8. 34. Proving a Company, 

After a Company has been told off on Parade, it will be proved in 
the following manner : 
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t Mark time — Qaick. Sub-divisions right wheel (wJien tn echelhny 
Hark time. Re-form Company. 

Sub-divisions left wheel. {When m echellon) Mark time. Re-form 
Oompany. 

Sections right wheel. (^When in echellon) Mark time. Re-form 
Company. 

Sections left wheel. (When in echellon) Mark time. Re-form Com- 
pany. 

The Company will then be turned to the right about, and proved in 
the same manner, rear rank in fi:x>nt. 

t Halt— Front. 

Fours-Deep, Front, 

Fours-Right, Front. 

Fours-Left, Front. 
' Foors-About, Front. 

The Company will also be 'proved, rear rank in front, in forming 
fours to the right and left on the march, as follows : 

t Mark time — Quick. 

■ Right-about — ^Tum. 

Fours-right — Rear, Turn. 

Fours-Left — Rear, Turn* < 

Hal1>— Front- 
Form close column of Sections, Quick march — Re-form Company, 
Quick march. 

Square on the leading Company, Quick march — Sections, Outwai*d8 
— ^Re-form column — Quick march — ^Halt — Dress, or according to the 
position it is to take in column. See Part III., Section 44. 
, t Right sections, first and third. Order arms. Left sections, second 
and fourth. Order arms. Right sub-division, Stand at ease. Left sub- 
division. Stand at ease. 

8, 35. Dismissing a Company, 
To the Right £ace. Lodge arms. | As described in Part I. 



Part III. — ^Formation, and Evolutions op a Battalion. 

A BATTALION ON PARADE. 

8, 1. Ibrmation of a Battalion on Parade in open Column, Bight 
in front. 

As a general rule, a battalion will assemble on parade in open 
column right in front ; that is, the oompany that stands on the right 
when in line will be in front. 

The usual post of the commanding officer in open column is on the 
pivot flank of the leading company; that of the senior major, two paces 
from the reverse flank of the centre of the right wing, and that of the 
second major, two paces from the reverse mmk of thft cenXx^ o^ ^<^ 
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left wing. The adjutant, two paces ftom tiie reverse flank of the right 
centre company. When a column is ordered to advance, the major of 
the leading wing will place himself in rear of the pivot flank of the 
second company from the front, to superintend the direction, taking, 
care not to get in front of the obtain of the third company. 



Tell off the Battalion. 



No. One — ^Right Company. 
No. Two— Left Company. 
&c &c, &c. 



Nos. 1, 2, 3, 4, 5, Right wing. Nos. 6, 7, 8, 9, 10, Left wing. 
Eyes front. 



S, 2. Wheeling into Line from Open Column, 



Left (or right) wheel ikto 
line. quick march. 



Steady, 
No. — 



fvont. 



-y.Halt. Dress. Eyes 



FORMATION, AND MOVEMENTS OF A BATTALION IN LINE. 

S, 3. Formation of the Battalion in Line, 

When a Battalion is formed in Line there is to be no iBterval 
between the Companies. 

S, 4. A Battalion in Line taking open order ^ and resuming close 
order, 

1. Taking Open order. 

Rear rank take open order, march | Eyes — ^front. Steady. 

2. Taking Close order. 

Rear rank take close order, march | 



S, 5. Advancing^ and retiring in Line* 

1. Advancing in Line, 

The line will advance.* | 

qaiOK march, battalion halt. I 

2. Retiring in Line, 

The line will retire, right about | 

FACE, quick march. HALT — CFRONT. [ 

8, 6. Charging in Line, 
Prepare to ohabgb. charge, halt. | 

8, 7. Dressing a Battalion in Line, 
The battalion will dress by the 

RIGHT (or left). COVEREHS PACES 

to the FRONT. QUICK MARCH.* HALT. 
By the RIGHT (or left), DRESS UP. 



Steady. 



♦ Steady. 

No , Eyes front. 

Steady. 
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8, 8. Advancingf and Retiring by Wings* 
1. Advancing, and- Firing by Wings, 



The battalion will 
advance and fire 

BY WINGS. 



Junior Major, Left wing — Ready, Present. 
Load. 

Senior Major, Right wing. By the left. 
Quick march. Right wing — Halt, &c. 

Junior Major, Left wing, Shoulder arms. 
By the right. Quick march, &c. 

Senior Major, Right wing — Ready, Pre- 
sent. Load, &c. 

2. Retiring, and firing by Wings.. 



The BATTALION WILL 

• retire, and fire 

. BY WINQ8. 



Junior Major, Left wing — ^Ready, Present, 
Load. Shoulder arms. Right about face. 
By the left^ — Quick march. Halt — ^Front. 

Senior Major, Right wing — Ready, Pre- 
sent. Load. Shoulder arms. Right about 
face. By the right. Quick march. Halt- 
Front. 

Junior Major, Left wing. Ready, &c. 

• 8.9, A Battalion in Line passing obstacles, 

' If the obstacles are small, the files whose progress is interrupted 
by them, will break off in the same manner as files are broken off from 
th« flank of a Company in column. The moment the obstacle is 
passed, the files must move up again to the front. If a Company, or 
Sub-division is required to break off, it will move by Fours, or if Files 
break off successively till they amount to a Sub-division they will form 
Fours. 

From the right- (or left) of com- 
panies PASS BY fours to THE 

front. fours — 'right, left wheel ; 
or pours — ^left, right wheel. 

From the proper right (or left) of 
companies pass by fours to the 
rear. fours — ^left, bight wheel ; 

OR FOURS — BRIGHT, LEFT WHEEL. 

8. 10. Battalions in Line relieving each other, 

1. Advancing, 

From the right of companies pass by fours to 
the rear. fours — bright. right wheel. 



When the obstacles are 
such as to require all the 
Companies to break into 
Fours, 

If all the Companies 
of a Battalion retiring 
in Line are required to 
break into Fours, 



Quick march, halt — front, left wheel into 

tiNE. QUICK MARCH. 

2. Retiring, 
From the proper right of companies pass by 

" FOURS to the rear. FOURS — LEFT, &C. 



Halt, Dress. 
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COLUMN MOVEMENTS* 

S, 11. Formation of a Battalion in Open column. 

The rules laid down for the formation of an open Column, Riglit 
in front, in Part III., Section 1, are equally applicable to the formation 
of an Open column Left io front. 

iS'. 12. Forming Close j or Quarter distance Column from any more 
Open colitmn, 

1. Closing from the Halt, 

The column will close to the front, (or to 
quarter distance on the front) : or the 
column will close to the rear (or to 
quarter distance on the rear), 



♦No. » 

Hal t>— Dress. 

No. 

Halt— Front 
— Dress, 
Steadj. 



REMAINING COMPANIES RIGHT ABOUT FACE; OR 
THE COLUMN WILL CLOSE ON (OR TO QUARTER 

DISTANCE on) NO, COMPANY. COMPANIES 

IN FRONT, RIGHT ABOUT FACE. QUICK MARCH.* 

2. Formation of a Close^ or Quarter distance Column, 

The arrangement of a Close, or Quarter distance Column will be 
the same as that of an open column, the distances only being different. 

3. A Column on the march, closing to the Fhmt, 

When a Column on the march is ordered to dose to the front, the 
Captain of the leading Company, on the caution, will give the words, 
" No. 1. Halt — ^Dress." The Column will then be formed as already 
described. 

4. Closing to the Ihmt mthout Halting, 

On THE MARCH — CLOSE TO THE FRONT (OR 
CLOSE TO QUARTER DISTANCE) ON THE 
LEADING COMPANY. REMAINING COMPANIES, 

DOUBLE. No. Quidc. 

8. 13. A Close, or Quarter distance Column opening from the 
Front, Rear, or from any named Company, 

1. From the Front, 

Open out to quarter (or wheeling) dis- 
tance FROM THE FRONT. — ^REMAINING COM- Ko. Halt 

PANIE8, RIGHT ABOUT FACE. QUICK MARCH. — Front — DresS. 

2. Opening from the Hear, 

Open out to quarter (or WHEELiNa) dis- 
tance FROM THE REAR. — REMAINING COM* No. Halt. 

PANIE8, QUICK MARCH. No. Dresd. 

3. Opening from a Central Company. 

The Companies, in front and rear of the central company, will pro* 
oeed as already described. 
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4. Advancir^ in Succession from the Front, 

Advance by successive companies from the 
front, at quarter (or wheeling) dis- 
tance, no. quick march. 

5. Opening on the March, toithout Halting, 

Open out to quarter (or wheeling) dis- 
tance FROM THE FRONT: REMAINING COM- 
PANIES, MARE TIME. 

6. Opening on the March, by Halting the rear Company, 



In succession. 

No. Quick 

march. 



In succession. 
Forward, 



Open out to quarter (or wheeling) dis- 
tance, FROM THE Rear. 



Bear Company 
Halt. 

Movement as de» 
screed from the 
Halt. 



8, 14. Columns increasing, and diminishing their Front* 

When an opoi Column is on the march, each Company in succession, 
as it arrives at a narrow space or defile, will, when necessary, diminish 
its front ; and, as each Company clears the narrow space, it must again 
increase its front. 

8. 15. An Open column changing direction, and marching on an 
alignment, or moving into an alignment by the Flank march of 
Fours, 

1 . Changing direction, 

A Battalion marching in Column may change direction hy the suc- 
cessive wheel of its Companies on moveable pivots round the same 
point. 

8, 16. A* Column at Close, or Quarter distance. Wheeling on a fixed 
or movec^le pivot, 

1. Wheeling on a Fixed pivot. 

Column — ^left (or right) wheel, quick, (or | 
double) march, column — halt, I 

2. Wheeling on a Moveable pivot. 

Column — bright (or left) wheel, column — I 

FORWARD. I 

iS^. 17. A Close, or Quarter-distance Column taking ground to a 
flank, wheeling to the right, or left, 

A Column taking ground to a flank will wheel to the right, or left, 
on the principles laid down in the preceding Section. 

8, 18. A Close, or Quarter distance Column countermarching, by 
the Wheel of Sub-divisions round the Centre, 
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1. From the Halt, 

COUNTEBMABCH BY SUB-DIVISIONS BOUND THE 
CENTRE. RIGHT (OR LEFT) SUB-DIVISIONS, 
RIGHT ABOUT FACE. QUICK (OR DOUBLE) 
MARCH. — ^HALT — ^FBONT, DRESS. 

2. On the March. 
Countermarch by sub-divisions round the 

CENTRE, right (OR LEFT) SUB-DIVISIONS — 
RIGHT (or left) ABOUT TURN. — FRONT TURN. 

6h. 19. Columns countermarching by Hies, and by Ranks, 

Open and Quarter distance colamns will countermarch by files; 
Close columns by ranks ; each company moving as described in Part 
II., Section 23. 

8, 20. Changing the Order of a Column, by the successive march of 
the rear Companies to the front. 

When Right in Front, 

By successive com- Captahi of rear company. No, 

PANIES, REAR WING Fours left. Qulck march. Front—turn. By 
TO THE front. the right. 

Captain of next company. No. — 

Fours left. Quick march. Front — ^tum. By 
the right. 

The remaining Companies will successively follow in a similar 
manner. 

When Left is in front, the Right companies will be brought to the 
front in a similar manner, each forming fours to the right, and coming 
up in succession. 

S, 21, Changing the Order of an Open, Half, or Quarter distance 
column, fonned upon a road where the space does not admit of the 
fhnk movem,ent. 

When right in front. 

By FOURS FROM THE 
LEFT, REAR WING 
TO THE FRONT, 

Fourth sections, 

RIGHT WHEEL. 
QUICK MARCH. 



Captain of rear company. 
No. Fours — left. Right wheel. 



Fourth section, Halt. 

Captain of next company. 
No. Fours — left. Quidt march. 

Captain of left company. 
No. Front — ^form company. — Forward, 

The remaining companies will follow in like manner. A column 
Left in front will bring its rear companies to the front by fours from 
the Right in a similar manner ; the first sections being wheeled to the 
left. 
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8. 22. Columns taking ground to a flank, by the EcheUon march of 
Sections, 

When a Column is required to take ground to a flank in echellon of 
sections, each Company will move, as described in Part 11.^ Sec- 
tion 14. 

S. 23. Coltanns taking ground to a flank m Ihurs^ Sulhdivisions, or 
Sections, 

Take ground to the right (or left) in 
FOURS. Fours — bright (or usrr). (quick 
MARCH, if halted). 

8. 24. Columnst when taking ground to a flank by Fours, closing to 
less distance, or opening out to greater distance from any named 
Company. 

1. Closing to less distance,^ 



Close on No. company; (or close to 

quarter distance on no. company.' 



* COLUMN FORWARD. 

2. Opening out to greater distanpe. 
Open out to quarter (or wheeling) dis- 



• When the 
movement is com^ 
pleted. 



TANCE FROM No. 



COMPANY. 



♦ When the 
movement is com- 
pleted. 



• COLUMN — ^FORWARD. 

On open ground the Companies in these movements may dose, or 
open out by the diagonal march. 

By the diagonal march, close (or open 
out), &c. — remaining companies — inwards 
(OR outwards) half turn. 



No. 

half turn. 

No. — 
half turn. 



Right 
- Left 



S, 25, Application of the Flank march of Columns by Fours, 

The flank march of Columns by Fours will be found most useful in 
the adyance of large bodies of troops. 

FORMATIONS OF COLUMN, FROM LINE. 

S, 26. A Line wheeling back into Open column from the Halt, 

1. By Companies into Open column. Right in front. 
Open column, right in front — right about 

face. right wheel. quick march. 

2. By Companies into Open column. Left in front. 
Open column, left in front, will be formed in like manner. 

3. By Sub-divisions (or Sections), into Column, Right in front. 
By sub-divisions (or sections) on the left 

BACKWARD — ^WHEEL. — QUICK MARCH. Haiti— I>I«B&. 



Halt— Front- 
Dress. 
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4. By SvXhdvoisUms (or Sections) into Column^ Left in front. 

Sub-divisions and Sections will wheel back on their right in like 
manner. 

When the Sub-divisions, or Sections, exceed twelve Files, the words 
of command will then be — 

Open column op sub-divisions (or sections) 

BIGHT (or left) IN PBONT, BIGHT ABOUT — 
FACE, &C., &C. 

8,27, A Line wheeling into Open column on the march. 
By companies (sub-divisions, or sections) 

BIGHT (or left) WHEEL. — FORWARD. 

When a Battalion is required to wheel on moveable pivots from the 
Halt, the caution must be given thus — 

On the move by companies (sub-divisions or 
sections) bight (or left) wheel, quick 

. MARCH. 

8, 28. A Battalion moving in Open column, from either flank, along 
the Bear, 

1, By Companies from the Bight, 



T^E BATTALION WILL MOVE 
IN COLUMN OF COMPANIES, 
FROM THE BIGHT, ALONG 
THE REAR. 



No. 1. Fours — Left. Left wheel. 
Quick march. Front turn. 

No. 2. Fours — Left. Left wheel. 
Quick march. Front turn. 

Companies in succession. 

2. By Companies from the Left, 

No. . Fours— Right. Right 

wheel. Qaick march. Front turn. 
Companies in succession. 



The BATTALION WILL MOVE 
IN COLUMN OP COMPANIES, 
FROM THE LEFT, ALONG 
THE REAR. 



fi'. 29. A Battalion formed in Line, advancing from a flank, m 
Open column of Companies, SuKHHoisions, or Sections, 

1, Advancing from a Flank, by Companies, 



No. ♦ Left (or right) wheel. 

Leading Company — Forward. 

No. * Forward. 

&c., &c., &c. 



Right (or left) company to 

THE front, remaining 
COMPANIES, on the MOVE, 
RIGHT (OR left) WHEEL." 
QUICK MARCH. — ^FORWARD. 

2. Advancing from a Flank by Sub-divisions, or Sections, 
Right (or left) sub-division (or section) to 

THE front, remaining SUB-DIVISIONS (OR 
sections), ON THE MOVE, RIGHT (OR LEFT) 
WHEEL. QUICK MARCH. — FOBWABD. &C., &G. 
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3. Advancing from a. Fkmk by Companies, SuMivisions, or Sec- 
tions, on the March, 

Right (or left) company, (sub-division, or 
section) to the front, remaining com- 
panies, (sub-divisions, or sections) right 
(or left) wheel ; &c., &c. 

8. 30. A Battalion in Line advancing in Double column of Com» 
panics, Sub-divisions, or Sections from the Centre, 

The following description of an advance hj Sub-divisions will applj 
equally to an advance hj Companies, or Sections, with the exceptions 
that will hereafter be mentioned. 



1. Advancing by Sub-divisions* 



Two centre sub-divisions 
TO the front, remain- 
ing sub-divisions, on the 

MOVE, inwards wheel. 
QUICK MARCH. — ^FORWARD. 



Left sub-division. Left wheel.* 
Right sub-division. Right wheel.+ 
Two centre sub-divisions — Forward. 
By the left. 

* Forward, f Forward. 



When the advance is to be in Double column of Companies, on the 
caution, the Captain of the left centre company only will change his 
flank, the remaining officers will stand fiust. 

fi^. 31. A Battalion formed in Line, retiring over a bruige, or 
through a defile, or retreating from a flank, or from both flanks in 
Bear of the Centre, 

1. From a Flank, by Companies, 



JBXSTIRE BY com- 
panies, FROM 
THE LEFT, IN 
REAR OF THE 
.£IOHT. 



Captain of Left Company, No. ^ Right 

about face. By the right, Quick march. Left 
wheel. Forward. 

No. Right wheel. Forward. By the left. 

Each Company in succession {except the right 

Company), No. Right about face. Quick 

march. — Left wheel. Forward. 

No. 1. Right about face. Quick foarch, 

A Battalion will retire by Companies from the Right in rear of the 
Left;, in like manner. 

A Battalion will retire .by Sub-divisions, or Sections, in the same 
manner as it retires by Companies ; the Captain will give the words 
•* Right about face " and " Quick march " to each of his sub-divisions, 
or sections ; the proper leaders will then take command and give the 
words " Right (or Left) wheel. Forward,** 



M 



2, From both Flanks in rear of the Centre, 

The following description of the retreat by Sub-divisions will apply 
equally to a retreat by Companies, or Sections. 
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BY 8UB-DIVISI0ire, 
BOTH FLANKS, IN 



BEAR OF THE CENTRE. 



f Captain of Left centre Com- 
pany, to the tvDO centre 
SuiHiimsions, 

{ Corresponding SvMiivisions 
of the two Wings, 



* Two flank Sub-dimsions, Right 
Sub-division, Right about face. Quick 
march. Right wheel. Forward. 

Left SuhndiTision, Right about &ce. 
Quick march. Left wheel — Forward. 

fRight about face. Quick march. 



For- 



JLeft wheeL Right wheel, 
ward. 

S. 32. A Battalion in Line, forming Open, Close, or Quarter 
distance Column, 

1. Forming Open, Close, or Quarter distance Column, in rear of the 
Right Company. 

Open, (close, or quarter distance) column Halt — Front, 

IN rear of No. 1. REMAINING COMPANIES, DresS. 

POURS RIGHT. QUICK MARCH. Steady. 

2. Forming Open, Close, or Quarter distance Column in front of 
No. 1 Company. 



Halt — Front, 

Dress. 
Steady. 



Open, (close, or quarter distance) column 
in front of no. 1. remaining companies, 
fours — right. quick march. 

3. Forming Open, Close, or Quarter distance Column in Front, or 
Hear, on the Left Company, 

A Battalion in line will be formed in column on the Left; company 
in the same manner as it is so formed on the Right company, the 
remaining companies forming Fours to the left. 

4. Forming Open, Close, or Quarter distance column on a Central 
company. 

Open (close, or quarter distance) column. Halt, Front, 

RIGHT (OR left) IN FRONT, ON NO. — ^ DresS. 

fours-inwards, quick march. Senior Major, 

Steady. 

5. Forming Open, Close, or Quarter distance Column, facing to the 
Hear, 

In the same manner, Column may be formed facing to the rear, from 
Line, upon any Company ; that Company upon the caution counter- 
marching by Files, and the remainmg companies forming fours 
outwards, countermarching to the right, or lefk, and forming as 
already described. The company of formation will be faced, and 
countermarched, so as to lead to its new pivot, by command of its 
Captain. 



Open, (close or quarter distance) 

column on No. company, 

right (or left) in front, facing 
to the rear. 



The Companies, which 
move to the rear of the Line, 
will countermarch round the 
rear rank. 
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FORMATION OF LINE FROM COLUMN. 

8, 33. Forming Line to fhe Frmd, from open column, on any 
named Company, 

1. Forming Line on the Leading Company, from the Halt, 
Right in front. 



FOBM LIKE ON THE LEADTNO OOMPANT, REMAIN- 
ING COMPANIES FOUR PACES ON THE BIGHT 
BACKWARDS WHEEL. 

QUKSC MARCH. * 



Form line. Quick march. 
When the movement is com- 
pleted,* 



No. 1 by the 
Right, DresB. 
Eyes, front. 

No. Halt, 

Dress. Eyes, front. 

In sttccession, No. , Right 

wheel. Halt. Dress up. Eyes, front. 
Senior Major.* Steady. 

When the Column is Left in front. Line will be formed in the same 
manner as when Right in front. 

2. Forming Line on the leading Company in a direction oblique to 
the Front of the Column, 

In this movement the leading company will be wheeled back on its 
reverse flank into the direction required, the remaining companies will 
be wheeled back half the number of paces wheeled by the leading 
company in addition to the four paces described in the preceding numr 
ber of this section; thus, if the leading company wheels back two 
paces, the> remaining companies will wheel back Ave ; the formation 
will be completed as already explained. If the leading company is 
wheeled up on the reverse flank^ the line will be formed as described 
in Section 35 of this Part. 

3. Forming Line on the Bear Company from the Halt, 

Line may also be formed on the rear company of a column, the re- 
maining companies first being faced to the right about, and then 
wheeled four paces on their right backwards, if right is in front, and 
on their left backwards, if left is in front, the captains remaining on 
the pivot flank. The movement will be performed in all respects 
as described in No. 1. of this Section, except that each company will 
move rear rank in front, and after it has wheeled into the alignment, 
it will receive the word " Forwaid " from its captain, move well to the 
rear, and then be halted, fronted, and dressed up into line. 

4. Forming Line on a central Company, 



Form line on No. ♦ ; com- 
panies IN front, RIGHT ABOUT 
FACE. FOUR PACES ON THE RIGHT 
(or left) backwards WHEEL.f 
QUICK MARCH. I 



No. ♦ by the right — 

Dress. Eyes — front. 

No. .t Halt— Dress. 

Eyes — front. 
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Form line, quick mabch ♦ Left (or right) wheel, 

Front Companies,* Forward. Halt. Front- 

Dress op. 
Rear Companies.^ f I-eft (or right) wheel. 

Halt — Dress up. Eyes — front. 

5. An Open Column on the March to the Front, or Bear, forming 
Line on the leading Company, 

If marching to the front, on the caution, form line on the lead* 
INQ COMPANY, the rear battalion aide will move out to be ready to 
give A distant point. The commanding officer will then give the 
words, remaining companies left (or right) wheel, on which 
the leading company will continue to move straight to the front, and 
the remaining companies will wheel on moveable pivots, their captains 
changing flank by the rear. When they have completed the eighth of 
a circle, the commanding officer will give the word forward, on 
which they will move on in echellon, and the captain of the leading 
company will give the word ** Halt," change his flank, and then give the 
word ** Dress/ The movement will then be completed in the same 
xnanner as it is performed from the halt. 

If marching to the rear, the first part of the manoeuvre will be per^ 
formed in the same manner as when the column is advancing, except 
that the captains will not change their flanks on the caution, and 
the captain of the leading company will give the word '* Halt — Front 
Dress." The remaining companies will then form in the same manner 
as on a rear company from the halt. 

8, 34. An Open Column forming Line in inverted order ^ 

A battalion in column should be practised in forming line on the 
front, or rear company in inverted ord^, the right company on the 
left, and the left company on the right. The command will be given 
thus, in inverted order form line on No. 1 company, remain- 
ing COMPANIES, &C. 

A battalion should, if required, be able to form on the leading com- 
pany, pai*t of the remaining companies on its right, part on its left. 

/8^. 35. A Battalion in open Column, forming Line to the Reverse 
flank. 

Leading Company, No. — Right (or left) 
wheel. Forwari Halt — Di-ess up. 

2ni Company, Right (or left) wheel. Halt-* 
Dress up. 

Remaining companies in succession will form in 
like manner on tiie outward flank of the last* 
halted company. 
I Major, Steady. 

Columns of Sub-divisions, or Sections, will be formed to the reverse 
flank in like manner. 



Form line to 
the reverse 
flank. 



PART I.] FORMATION OF LINE. 33 

8. 36. Forming Line to the Front from Double Column, 

Double columns should always form line to the front on the march ; 
the movement should therefore be commenced at sufficient distance in 
rear of an alignment, to allow of the two centre companies, sub-divi- 
sionsy or sections continuing their advance, while the remainder are 
wheeling forward into echellon. 

When a double column is required to form line, from the halt, 
without advancing the two front companies, sub-divisions, or sections, 
it should first be closed to quarter distance, and then be deployed, as 
described in Section 42 of this Part. 

Line will be formed to the Iront on the .march, from double column, 
on the same principles as from a single column. The following 
description of the formation from double column of sub-divisions will 
apply equally to the formation from double column of companies, or 
sections. 



Two centre sub -divisions — Halt. Four paces 
outwards — Close — Quick march. 

No. — Right, Dress. 

No. — Left, Dress. 

The remaining sub~divisions toUl form in suc- 
cessiony as described in Section 33, Part III. 

Right (or left) sub-division, Left (or right) 
wheel — Halt— Dress up. Eyes front. 

Senior Major — Steady. 

S, 37. A Battalion in Double Column^ forming Line to the Eight, 
or Left, 

1. Forming to the Sight on the March, 



Form line on 

THE TWO CEN- 
TRE SUB-DIVI- 
SIONS, RE- 
If AINING SUB- 
DIVISIONS OUT- 
WARDS WHEEL. 
— ^FORWARD, 



CJOLUMN BT THE RIGHT. 
FORM LINE TO THE RIGHT. 
RIGHT WING — RIGHT 
WHEEL. 



Halt— Dress. Eyes front. 

The companies, ^c, of the Left 
wing will form successively to their 
reverse flank, in the manner described 
in Section 35, Part III. 

Line will be formed to the Left on precisely the same principles. 

2. Forming from the Halt. 

This movement may be performed from the halt, in which case the 
words will be form line to the right (or left), right (or left) 

WING, RIGHT (or left) WHEEL INTO LINE. ThE WHOLE, QUICK 

March, &c., on which the companies, sub-divisions, or sections of the 
named wing will wheel into line, as directed in Part II., Section 5, or 
11. The other wing will step off, and the rest of the evolution will be 
performed as already described. 
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DEPLOYMENTS. 

8, 38. A Battalion in Closer or Quarter-distance Column, deploy^ 
ing into Line on the leading Company, 

Deployments will invariably be made on a front base, and by the 
flank march of Fours, unless the ground should render it necessary to 
move in files. 



1. JVom Column, Eight in front. 



Deploy on the 
leadino com- 
PANY. RE- 
HAINING COM- 
PANIES, FOURS 
LEFT. QUICK 
MARCH. 



Eyes 



No. 1. Right — ^Dress. Eyes front. 

No. 2, Front turn. Halt. Dress up. 
front. 

Each of the remaining Companies, in succession. 
Front turn. Halt. Dress up. Eyes front. 



Senior Major — Steady. 
2. From Column, Left in front, 

A Column, left in front, will deploy on the leading Company, in 
precisely the same manner, as a column, right in front. 

8. 39. A Battalion, in Close, or Quarter-distance Column, deploy^ 
ing on the Bear Company, 

1. From Column, Bight in front. 



Deploy on the 

REAR COM- 

PANY. RE- 

MAINING COM- 
PANIES, FOURS 
RIGHT. QUICK 
MARCH. 



No. 5. Halt — ^Front— Dress. 

No, 6. By the left, Double march. 

No. 6. Halt — Dress up. Eyes front. 

No. 4. Halt — Front — Dress. 

No. 5. By the left. Quick march. 

No. 5. Halt — Dress up. 
&c. &c. &c. 

Thus each company in succession will be 
halted, and fronted, and then brought vp into line, 
as soon as its front is clear. 

2. JP)rom Column, Left in front, 

A Battalion in Column, left in front, will deploy on its rear Com- 
pany on the same principles, as a Battalion in column, right in front ; 
the Companies, except No. 1, forming fours to the left. 

8, 40. A Battalion in Close, or Quarter-distance Column, right, or 
left, in front, deploying on a Central company. 

When a battalion is required to deploy on a central company, the 
companies (4. 5. 6.) in rear of the named one will move on the 
principles already described for a deployment on a front company, and 
those in front of the named company (1. 2.) and the company itself 
(3.) on the principles described for a deployment on a rear company. 

Deploy on no. company, remaining companies I 

FOURS OUTWARDS. 
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8, 41, A Battalion in Close, or QiMrter-diatance Column, deploying 
til Tnoerted Order, 

A battalion in colamn should be practised in deploying on the 
leading company in inverted order, in which case the command will be 

IN INVERTED OBDEB — DEPLOY ON THE LEADING COMPANY. A 

colmnn may also, if required, deploy on the leading company, any 
named number of companies moving out and forming on its right, the 
remainder on its left. The command will then be given thus : deploy 

ON No. 1, No. 2, 3, AND 4 companies FORMING ON THE BIGHT, 
BEMAINDEB ON THE LEFT. 

S, 42. A Battalion in Double Column deploying, 

1. Deploying from Double column, 

A double column at Close, or Quarter distance may deploy on the 
two centre Companies, or Sub-divisions, in the same manner as a single 
column. 

2. A Double column deploying to one flank. 

If a battalion in double column should move up to the extremity of 
the ground on which it is to deploy, it may deploy both wings in the 
same direction. Thus, if a double column of sub-divisions moves up to 
the right extremity of the alignment which it is to occupy, it will 
deploy on the right sub-division of No. 1 company. The right wing 
will deploy on its rear sub-division (the right sub-division of No* 1 
company) in the usual manner, the left wing, at the same time, taking 
ground to the left in fom-s, and when the right wing has completed its 
deployment, the left will continue the formation of the line by deploying 
on its leading sub-divisiop. 

8, 43. A Battalion in Line changing Front, by the intermediate 
formation of Open column, on any named Company, 

1, To the Right, Left thrown forward, on the right Company. 
Change of front at right angles to the old Line, 



Change front to the bight 
ON No. 1 company by the 
fobmation of open column. 

no. 1 company stand fast.* 

Open column in front of 
no. 1. bemaining companies, 
fours right. quick march, 

&C., &C., &C. 

Right wheel into line, quick 

MABCH, &C., &C. 



Or* No. 1— H)n the Right- 
backwards wheel. Quick march. 
Halt — ^Dress. Eyes front. 



Remaining Companies form 
open Column, Left in front, on 
the right Company, 

27ie column will be wheeled 
into Line to the right. 



2. To the Left, Right thrown forward, on the left Company, 

A line will change front to the left on the left company in the same 
manner as to the right on the right company, the ca^^kvn. oi V^^^V^ 
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Change front to 
the left on no. 1 
company, by the 
formation of open 

COLUMN. 
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company changing his flank on the caution, and his company being 
wheeled back on its left, if the new line is to be formed obliquely to 
the old one. The column will then be formed on it right in front, and 
it will be wheeled to the left into line. 

3. To the left. Left thrown hack on the right Company, 

If the change is to be at right angles to 

the old Line, tJie right Company will stand 

fast ; hut, if oblique to it, that Company wUl 

wheel back on its left so many paces, as will 

make it perpendicular to the new alignment. 

No. 1 — paces on the left — ^backwards 

wheel. Quick march. Halt — Dress. Eyes 

front. 

Opencolumninrear The remaining Companies will then form 

OF No. 1 COMPANY, open Column, right in front, on the right 

REMAINING COMPA- Company, 

NIES, FOURS RIGHT. 
QUICK MARCH, &C., 
&C., &C. 

Left wheel into 
line. quick march, 

&C., &C. 

4. To the right, Eight thrown back, on the left Company. 

A line may change front to the right on the left company, in the 
same manner as to the left on the right company. In this case the 
captain of the left company will not have to change his flank ; if the 
new line is to be formed obliquely to the old one, his company will be 
wheeled back on the right, the column will be formed left in front in 
rear of it, and then wheeled to the right into line. 

5. To the Might, or Left, on a central Company, 

Change front to the right 
(or left) on No. com- 
pany, BY THE FORMATION OF 

open column. 
Open column left (or right) 

IN FRONT, ON No. , &C. 

RIGHT (or left) WHEEL INTO 
LINE. QUICK INARCH, &C., &C. 

6. If necessary, in order to save time, the Company of formation 
may be wheeled into Line as soon as the alignment has been taken up ; 
the remaining companies, if moving to the front of the old alignment, 
will receive the word " Front form Company " from their captains, as 
they reach their covering Serjeants. If moving to the rear of the old 
alignment, they will move round their coverers, march straight on the 
flank of the company next to them already in line, and then be halted, 
fronted, and dressed in succession by their captains. 



No. , — paces on the 

right (or left) backwards wheel. 
Quick march. Halt — ^Dress. Eyes 
front. 
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FORMATION OF SQUARES. 

GENERAL PBINCIPLEQ^ 
I. 

Use of Squares, — Men are formed into square to resist attacks of 
cayalry ; care should always be taken not to expose men unnecessarily 
in this formation to the fire of artillery. 

11. 

The Four-deep Square. — The formation of a square four deep is the 
most eligible for a battalion ; it is sufficiently strong to resist cavalry, 
and gives space for the officers, Serjeants, band, &o. in the centre, and 
enables every man to fire. 

III. 

The Two-deep Square, — A battalion may be formed into square 
two deep to protect baggage or treasure against infantry only. 

IV. 
Solid Square, — Any compact mass of soldiers will be safe against 
cavalry, if the outside men kneel down and slant their bayonets 
outwards. 

8, 44. A Battalion in ColumUf forming Square, 

1, Forming Square on the leading Company of an Open column. 

On the leading 
compant form 
square. quick 

(OE double) 
MARCH. 



Remaining Companies, except the two in rear 
of the Column. 

No. — Sections — outwards. 

Two rear Companies close up. 

No. — Halt. Right about face. 

2. Forming Square on the rear Company of an Open column. 
Eight Companies, right in front. 



On the rear 
company, form 
square. right 
about face. 

QUICK (or DOU* 

ble) march. 



No, 8 Company will standfast. 

No, 7 will close upon No, 8, and halt. 

No, 6 will close upon No, 7, and receive, 

Front turn. Sections outwards. 

Each Company {except Nos, 1 and 2) in succession 

will close on the last halted Company, and receive, 
No. — Front — turn. Sections outwai*ds. 
As No. 3 Company receives the word. 

Front turn. Sections outwards 

Nos. 1 and 2 Companies will run into the Square, 

and receive, 

No. 2— Halt— Front. 
No. 1— Halt— Front. 

If a Column on the march is ordered to form Square, the leading 

Company will at once receive the words " No., Halt — Dresa *' 

from its Captain. 
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3. Forming Square on the centre, from Open column. 
Sight in front. 



On the left 
(or right) 
centre com- 
pany, form 
square. right 
(or left) 
wing, right 
about face. 

QUICK (or 

double) 

MARCH. 



Sectionn — outwards. 

Front tarn. 

Sections— outwards. 

Sections— outwards. 
&c. &c. &c. 

7%e Square witt he completed on the Company 
of formation, as described in Ifbs, 1 and 2 of this 
Section, 



4. A Column taking ground to a flank by Iburs, forming Square, 

When a battalion in open column taking ground to a flank by fours, 
is required to form square, the coounanding officer will give the words 

ON THE LEFT (or RIGHT) CENTRE COMPANY FORM SQUARE, WINGS 

INWARDS TURN, ou which the wings will turn inwards, the captain of 
the named company will give the words " Sections outwards,'* and square 
will be form^ as already described. When the column is right in 
front the square will form on the left centre company : when left in 
front, on the right centre company. 

5. A Battalion in Quarter^distance Column, forming Square, 

A column at quarter distance will be formed into square in the 
same manner as an open column, except that the commanding oflScer 
will give the word sections outwards to all the centre companies, 
as the second company closes on the first. 

A quarter-distance column taking ground to a fiank by fours, should 
not be ordered to form square on the centre ; it should be ordered to 
turn to the front and then form on the leading company. A quarter- 
distance colunm retiring should also be ordered to turn to the front 
before forming square. 

S. 45. A Battalion m Double Column, forming Square, 

A double column of sub-divisions will form square on the two 
leading sub-divisions, in the same manner as a single column of com- 
panies forms square on the leading company. A double column of 
companies, when it consists of ten or more companies, may form 
square in a similar manner, the side faces being wheeled outwards by 
sub-divisions instead of sections ; but when it consists of less than ten 
companies, say six, square will be formed as follows : — The whole will 
form four deep and close to the centre, the two leading companies will 
stand fast, or halt, if on the march, forming the front face ; the two 
next will move on, and when at sub-division distance from the front, 
will whed outwards by companies forming the side &oes ; the two rear 
companies will close on the flanks of the two side faces, halt, &ot to 
the right about, and thus complete the square. 
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Re-form co- 
lumn. QX7ICE 
MARCH. 



8, 46. A Square preparing to regist Cavalry, 

Prepare for cavalry, ready, file firing 
from the right (ob left, or from both 

flanks) OF THE FRONT (OR RIGHT, OR LEFT) 
FACES. COMMENCE FIRING. KNEELING RANKS 
READY, PRESENT. LOAD. 

8. 47. A Battalion in Square, re-forming Column, or Double 
eolvmn, 

1. Re-forming Column, or Doable column of Sub-divisions. 

ITie Sections of the side faces mil wheel back' 
wards, and re-form Compc 
No. ' Halt — Dress. 
The front Company will advanci 

No. Halt — Dress. 

The two rear Companies will retire. 
No. — Halt — ^Front — Dress. 

A Doable column of Sub-divisions will be re-formed in like maimer. 

2. Re-forming Double Column of Companies. 

A square formed from double column of companies, as described in 
Section 45 of this Part, will be reduced, when it consists of ten or 
more companies, and has been formed according to the first method, in 
a similar manner to that described in No. 1 of this Section, the side 
faces wheeling back by sub-divisions instead of sections, and the two 
front aiid four rear companies moving out to sub-division distance ; but 
when it consists of less than ten companies, and has been formed 
according to the second method, the two front companies will stand 
fast, the flank men (on the caution) facing to their front, the side faces 
will (on the words Quick March) wheel back by companies into 
column, and the two rear companies will move back, and halt and 
front at sub-division distance ; the whole will then be formed into two 
deep. 

8. 48. A Battalion in Line forming Square on any named Company, 
and re-forming Column, or Line, 

1. Square in rear of the Left centre Company, 

On the left * All except the left centre Company, 

CENTRE COM- No. 3. Halt — ^Front. 

PANY, FORM No. 5. Front turn. Sections outwards. 

SQUARE. FOURS No. 2. Front tum. Sections outwards. 

INWARDS.* No. 6. Halt — front. Right about face. 

QUICK MARCH. No. 1. Halt — front. Right about face. 

This square may be formed in rear of any company, but the 
formation in rear of the left centre company is the most convenient ; 
wh«i companies meet, the general rule will be that they pass each 
other left arm to left arm. 

2. Forming Column, and Ee-forming Line. 

The above square will be foimed into column, as deacrlbod vcl >^^ 



FOBM COMPANY 
SQUARES. 



40 FORMATION OF SQUARES. [PART 1. 

preceding section. If it is to remain in column, it will be numbered off 
afresh from the front, but if it is to be re-formed at once into line, it 
will be deployed, the companies forming fours outwards, and moving 
out to their original positions. 

Should it be necessary to form line on the original alignment, 
before forming column, the leading company must be ordered to stand 
fast, instead of opening out to quarter distance, the remainder of the 
column will then be formed as usual, and will be deployed into line on 
the leading company as above directed. 

3. Forming Quarter Distance, or Open Column, and then Square, 
If it is not necessary to open fire immediately, the simplest method 
will be to form quarter-distance column in the usual manner, on any 
named company, and then form square on the leading company; a 
line may also be wheeled into open column, and square then formed on 
the leading, or the centre company ; these squares will be reduced as 
described in the preceding section. 

S, 49. A Battalion in Line, or Echellon, forming Company 
squares, and re-forming Line, or Echellon, 

1. Forming Company Squares, 

No, . Form close column of sections. 

Quick march. Prepare for cavalry. Beady, &c. 
— Re-form Column. 

2. Re-forming Line, or Echellon, 

Re-form line No, 1, 3, and 4 sections face outwards, on ih^ 
(or echellok) ux)rds — Ke-form line (or echellon). 

QUICK MARCH. 

If there Is time, after the companies are formed from line into 
close columns of sections, they may be wheeled the eighth of a circle 
to the right, so as to place them in echellon. The commanding officer 
will give the word wheel into echellon ; the captains will then 
wheel their companies by their own words of command, " Right Wheel, 
Quick March, Halt — Dress." Before the columns are again formed 
into line, they must be wheeled back into their former positions* 

S, 50. A Close column forming Square, and the square being 
re-formed into Column, 

1. Forming the Square, 

Form square. * The two front and tu^o rear Companies stand 
FOURS out- fast; the remainder form Fours outwards by sub' 
WARDS.* divisions. 

QUICK MARCH.f t The f OUTS will close up; No. 2 company, if 

right is in front, will step back a pace and a half; 
No, 1 three paces; the second company from the 
rear will face to the right c^)out ; and the rear 
company will close up apace and a half, andfac€ 
to the right about. 
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2. Re-formxng Column, 



Re-form co- On the word, re-form oolumi?, the fours wUl 
LUMN. QUICK st^ hook to their proper distance, and upon the 
MARCH. words, QUICK MARCH, they will front and form 

two deep; No, 1 will advance three paces ; No, 2 
a pace and a half; the rear company will retire 
a pace and a half, and come to the front together 
vnth the second company from the rear by comr 
mandfrom their Captain, 

8. SI. A Square marching in any direction. 



The square will advance 

(retire, or MOVE TO THE 
BIGHT, OR left). 
INWARDS, FACE.* 
QUICK MARCH. HALT — FRONT. 



« The Face, that is to lead, 
stands fast ; and those, on either 
side of it, face to the right, and 
left ; the Face, in the rear of it, 
faces to the right about. 



S. 52. Battalion in Lme forming Square Ikioo deep, and re-forming 
Line, 

1. Forming Square, 



On the 

CENTRE 
PANIES, 
DEEP, 



TWO 
COM- 

TWO 
FORM 



SQOARE.* 
QUICK MARCH.t 



The square will advance 

(retire or MOVE TO THE 
RIGHT, OR LEFT). — AND FACES 
FOURS INWARDS. 

Face, right about face, 
quick march. halt — ^front, 

2. £e-forming Line, 
Re-form ~ 



Centre companies standfast. 
Flank companies face inwards.X 
Remainder face to the right about,^ 
t The centre companies close inwards four 
paces each, to fiU up the interval left by the colows, 
§ JRight wing companies. 
Forward. Right wheel. Halt — front, Dress. 
Right face of square. 
Left wing companies. 
Forward. Left wheel. 
Left face of square, 

X Move inwards. Halt. 
face of square. 

The faces that are to move to 
a flank form fours to the right, 
and left. The face to be in 
rear will be faced to the right 
about. 



Halt — front. Dress. 
Rear face. Rear 



LINE. 

QUICK 

MARCH. 



The flank Companies face outwards. Companies form- 
ing the side Faces will wheel to the right, and left ; and^ 
when in echellon, receive the word "Forward." The 
flank companies move across in Fours to the oiUward 
flanks of the companies, which stand next to them when 
in Line, they then change their direction parallel to 
the alignment, and, when decor of the other companies, are 
halted and dressed up into Line, 

No. — • Forward. 

No. Hight, (or left) wheel. Halt — ^Dre«& \>."^^ 

No. . Halt — ^front. Dress Tip, 
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MOVEMENTS, AND CHANGES 
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MOVEMENTS, AND CHANGES OF FRONT IN ECHELLON. 

^S^. 53. A Battalion wheeling forward by Companies from Line into 
EchelUm, 

1. Wheeling into Echellon from the Halt, 
Wheel into echellon op companies, to the 

RIOHT (or left), companies PACES 

TO THE BIOHT QOR LEFT) WHEEL. QUICK 
MARCH. 
THE ECHELLON WILL ADVANCE. QUICK MARCH. 



Halt — Dress. 
Eyes front. 



2. Wheeling into Echellon on moveable pivots. 

Take ground to the right (or left) in echellon 
OF companies (sub-divisions, or sections), on the 

MOVE BY companies (SUB-DIVISIONS, OR SECTIONS) 
RIGHT (or left) WHEEL. QUICK MARCH. FORWARD. 

If a Battalion is reqaired to wheel into echellon to the rear, it will 
be faced about, and the companies, sub-divisions, or sections, will be 
wheeled forward, rear rank in front. 

3. Wheeling into Echellon on the March, 

Take ground to the right (or left) in echellon 
OF companies (sub-divisions, or sections). 

BY COMPANIES (sub-divisions, OR SECTIONS) RIGHT (OR 

left) wheel, forward. 

8. 54. A Battalion t» Echellon of Companies, wheeling back into 
Line parallel to that from which it has formed. 

Wheel back 
quick march. 



INTO LINE. 

I Halt. Dress. Eyes front. 

This moyement may also be performed on the march, the Captains 
marking time, and their Companies wheeling back on them into Line : 
the commancUng officer will give the word forward, when the 
wheels are completed. 

^S'. 55. A Battalion in Echellon^ halted, forming Line in a direction 
chlique to that from which it loas wheeled into Echellon. 

Form line on the leading company, which 

WILL WHEEL, &C., &C. 
REMAINING companies PACES TO THE 



RIGHT, (or left) (OR ON THE RIGHT, OR 
LEFT backwards) WHEEL. QUICK MARCH. 
FORM LINE. QUICK MARCH. 



Each company 
in sitccession. 

No. Right 

(or left) wheel. 

Halt, Dress up. 
Eyes front. 
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S, 56. A Battalion in Line changing Ihmt on a Flank Company, 
by throwing forward the rest of the Battalion. 

Change front on the maHT (or left) 

COMPANY, left (OR RIGHT) THROWN 
FORWARD. 
REMAINING COMPANIES PACES TO THE 



No. — To the 
Right (or left) wheel; 
Or— No. . 



paces to the Right (or 
left) wheel. Quick 
march. Halt, Dress. 
Eyes front. 



RIGHT (or left) WHEEL. QUICK MARCH, 
&C., &C. 

FORM LINE— QUICK MARCH, &C., &C. 

8, 57. A Battalion in Line changing Front to a flank, by throwing 
backwards the rest of the Battalion, 

No. On the Right (or left) hack- 
wards wheel ; (or No. , ■ paces on 

the Right (or left) backwards wheel.) 
Quick march. Halt, Dress. Eyes front. 

— Halt. Front, Dress. Eyes 

— Halt, Dress. Eyes front. 



Change front on the 

LEFT (or right) 

company, right (or 

left) thrown back. 

remaining companies 

paces, right 

about face. 

RIGHT (or LEFT)WHEEL. 

quick march.* 
form line. quick 

MARCH. 



♦No. 

front* 

No. 



No. 
ward, 
front. 



Right (or left) wheel, For- 

Halt, Front, Dress up. Eyes 



8, 58. A Battalion in Line changing Ihmt on a centre Company, 
or on the two centre Companies, by advancing one Wing, and retiring 
the other. 



Change front on the centre 

(or on no. company) 

right (or left) thrown 

FORWARD. 



Left (or right) wing, right 

ABOUT face ; OR, COMPANIES 
ON THE LEFT (OR RIGHT) 
RIGHT ABOUT FACE. COM- 
PANIES PACES RIGHT (OR 

left) WHEEL. QUICK MARCH. 
FORM LINE. QUICK MARCH; 

&c., &c. 



If on tlie two centre Companies, 
Two centre Companies on the 
centre. Right (or left) wheel ; Or 

paces. Right (or left) wheel. 

Qnick march. Halt, Dress. Eyes 
front. 

If the change of front is to be 
on the centre of a Company, 

No. on the centre. Right (or 

left) wheel ; Or paces, Right 

(or left) wheel. Quick march. 
Halt, Dress. Eyes front. 
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A Battalion on the march may be ordered to change firont on a flank 
Company in echellon, without halting, the Company wheeling on 
moveable pivots ; in this case the flsmk Company of formation will 
wheel at the double. 

^S^. 59. A Battalion in Line advancing^ or retiring in direct Echellon 
of Companies from either Flank, 



The battalion will advance,* 

(or retire t) IN DIRECT 

echellon op companies, at 

wheeling (or paces) 

distance, from the rioht 
(or left). 



In succession, 

» No. By the Right (or 

left) Quick march. 

f Or, No. Right about 

face. By the Right (or left) 
Quick march. 



S. 60. Re-forming Line from Direct Echellon, 

1. Forming Line on the leading Company, 

Re-form line on the leading company, 
bemainxng companies, quick march. 

2. Forming Line, on the Bear Company, 

Re-form line on the rear company, re- 
maining COMPANIES, right * ABOUT FACE. 
QUICK MARCH. 

3. Forming Line, on a Centred Company. 
Re-form line on no. 

COMPANY. companies IN 

FRONT, RIGHT ABOUT FACE. 
FORM LINE. QUICK MARCH. 



Halt, 
Dress up. 
front. 



Front, 
Eyes 



Front Companies, 
Halt, Front, Dress. Eyes front. 

Bear Companies, 
Halt. Dress. Eyes front. 



4, Forming Line on the March, 

A Battalion, in direct echellon on the march, may form Line in like 
manner : if to the Front, the leading Company will be halted, on the 
cautipn ; if on the Rear, or a Central Company, the named Company 
will be halted, on the words "remaining companies, (or COM- 
PANIES IN front) right ABOUT TURN." 

5. Forming Line, at right angles to the original Alignment. 
Form line to the right, by companies, I 

RIGHT WHEEL, FORWARD ; &C., &C | 

When the Advance has been made from the Right, Line may be 
formed to the Left, in like manner. 

£^.61. A BattaJion in direct Echellon, forming Line in an oblique 
direction. 

Form oblique echellon on the leading com- 
pany. REMAINING COMPANIES, RIGHT (OR 
left) half FACE, QUICK MARCH. Halt, 

WHEEL BACK INTO LINE. QUICK MARCH, &C. DresS. 



Front, 
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A Direct echellon may be wheeled forward into Colamn, and then 
formed into Square, either on the centre, or on the leading Company 
at any moment ; or the Companies of a direct echellon may be formed 
into Company Squares. 

Street Firing. 

8. 62. A column at open, half, or quarter distance, formed in a 
street or in narrow ground where deployment is impracticable, may 
be required to fire either when advancing, or retiring. It will be 
performed in the following manner : — 

1. Street firing ^ advancing, — Three companies will be ordered to 
advance from the column, leaving sufficient room between them and 
the remainder of the column for a gun, or body of cavalry to form. 
The second and third companies will close on the first. When re- 
quired to fire, the two front companies will kneel down, and the 
third will fire over their heads ; the second will then receive the 
word " Ready," on which it will spring up, and on* the word "Present " 
will deliver its fire ; lastly, the front company will fire kneeling, each 
company loading as soon as it has fired. The leading company may 
then be ordered to rise and charge, or the first and second companies 
may be ordered to open out to half distance from the rear, and the 
whole then wheeled back by sub-divisions to each side of the street to 
allow the gun to fire between them, or the cavalry to charge ; it may 
occasionally be of use to extend fil^ along each side of the streets to 
fire up into the windows. 

2. Street firing, and retiring, — In retiring, the leading division will 
give its fire, slope arms, face outwards by sub-divisions, file to the 
rear, re-form company, load, and remain halted, until its front is 
again clear, or the whole column is put in motion. The moment the 
front of the second company is clear it will give its fire, face outwards 
by sub-divisions, and file to the rear as above directed ; and so on by 
companies in succession; the companies thus follow each other in 
succession : when the front of the column occupies the whole breadth 
of the street, the outwaid files of companies will double in the rear, 
to give the companies, which have fired, room to pass. 

It must never be forgottoi, in entering towns or villages occupied 
by the enemy, that the first thing to be done, on gaining a footing in 
the place, is to clear the houses on both fianks, and the column should 
on no account proceed through the streets without previously occupy- 
ing the houses on either hand : the troops employed for that purpose 
breaking through partition walls, or pushing on from house to house, 
so as to accompany the march of the main body and protect its flanks. 



INSTRUCTIONS FOR PITCHING, AND STRIKING TENTS. 

1. Whenever possible, the quartermaster, or an officer acting for 
him, with a non-commissioned officer and a camp colourman per 
company, will precede the corps to be encamped. 
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2. This officer will take up ground for the companies and the 
officers' and other tents, &c., according to the directions he may have 
received, to conform to one or other of the methods laid down in the 
** Regulations for Encampments," marking by a picket the spot to be 
occupied by each tentrpole, and taking care that the lines of tents are 
perpendicular, and correctly covered. 

8. Before arriving in camp the men will be told off for their 
several functions as pole-men, peg-men, and unpackers of tents, two 
men being allotted for each of thesQ duties, and six in all for every 
tent. More than thi« number only impede each other. 

Each tent requires, therefore, one section of threes to pitch, or 
strike it. 

4. From the remainder of the company, the parties will be told off 
for provisions, wood, water, fire, guards and pickets, and for the 
pitching of the officers' orderly-room, store-room, guard-tents, &c. 

To each tent, as far as possible, a non-commissioned officer will be 
told off. 

5. It is known that the soldiers' tent, with its cords, occupies a 
space of nearly 6 yards — that is, between 7 and 8 paces from pole to 
pole. 

6. The pole-m«i,- being stationed at the spots indicated by the 
pickets, the pole is lowered, and the cap of the tent fixed on, and all 
things prepared for the raising of the tent. On the signal, or word of 
command, the whole of the poles are raised together, the skirt of the 
tent being lifted over the pole-man's head. 

7. It will be remembered, that, to insure stability, four of the 
cords which divide the circumference accurately into quarters, must 
be first made fast before any of the others. 

8. Each cord must be stretched on the true prolongation of the 
tent seam. 

9. The slides must be made fast at an equal distance from the 
tent and the ground peg, so as to permit shifting, as expansion or 
contraction of the cord ensues on atmospheric changes. 

10. The non-commissioned officer sees that the door is properly 
placed, and attends especially to the fastenings of the first four pegs, 
with a view to the general uprightness of the pole and security of the 
tent, under the general superintendence of the company's officers; 
one being stationed at the flank, the more easily to detect and correct 
errors. 

11. In order to strike the tents, all the pegs are drawn except the 
four first driven, and four men place themselves at these in readiness 
for the signal ; they draw these pegs, and hold down the tent till the 
signal be given. 

12. On the signal, the pole-men lower the poles to the rear and 
come out by the door, bringing the poles with them. ' 

13. In rolling up the tent, the cap is turned on one side, in such a 
maimer as shall make it visible at one end when the tent is rolled 
This prevents the cap from cutting the tent. *wii«*. 
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CAVALRY SWORD EXERCISE. 

Section I. — Extension motions. 
Vide ** Infantry Sword exercise/* ptxge 10. 

Section II. — Cuts. Guards. Points. 
Words of Command. 



Right engage. 
Assault. 


Right defend. 
Second. 


One ] 


Third. 


Two 1 J,. , , 
Three ^«^*' 


Fourth. 


Four j 




One ) 


Left defend. 


Two T^ft 

Three ^^^• 


Second. 


Third. 


Four j 


Fourth. 


Slope swords. 


Slope swords. 


GUARDS, A] 


50) POINTS. 


Words of command. 




Guards, and Points. 




Right— Defend. 
Second. 


Point. 
Point. 


Third. 


Point. 


Fourth. 


Point. 


Left — Defend. 


Point. 


Second. 


Point. 


Third. 


Point. 


Fourth. 


Point. 


Slope swords. 




SWORD i 


IXERCISG. 


Words of command. 




Sword exercise. 




Right engage. 
Assault. 


Left engage. 
Assault. 


One — Point. 


One — Point. 


Two —Point. 


Two —Point. 


Three— Point. 


Three— Point. 


Four — Point. 


Four —Point. 


Slope swords. 


ft 
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PURSUraO PRACTICE. 



Words of command. 

Pursuing practice. 
. Assault. 

One — Point. 
One — Point. 
Three— Point. 
Three— Point. 
Slope swords. 



Right. 
Left. 
Right. 
Left. 



The men being complete in the Sword exercise by word of command 
will go regularly through the exercise in the same manner as it will 
be shown at Reviews, Inspections, &c., taking the time of each 
motion, according as Right or Left is attached to the words of com- 
mand. 

Words of command. 

Right Prove distance. 

Slope swords. 

Front Prove distance. 

Slope swords. 

Sword exercise. 

Pursuing practice. 

Section VI. Officebs* salute. 

Words of command. 

Attention. Rear rank take Order. March. Present arms. 
Advance arms. Rear rank take close order. March. 



CARBINE EXERCISE. 

CARBINE EXERCISE ON FOOT. 

MANUAL exercise. 



Words of command. 

Attention. Present arms — Two — Three. Advance arms ^Two. 

Port arms. Advance anns — Two. Support arms. Stand at ease. 

PLATOON EXERCISE. 

Words of command. 

Spring arms — Two. Load. Handle cartridge — ^Two. Di-aw nun- 
rod. Ram down cartridge — ^Two. Return ramrod. Prime— Two. 
Ready. Present. Fire. Advance arms. Trail arms. Advance arms! 
Unspiing arms — Two. Support aims. Stand at ease. 
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CABBINE EXERCISE ON HORSEBACK. 

Words of command. 

Spring arms — ^Two. Load. Handle cartridge — ^Two, Draw ram- 
rod. Ram down cartridge — ^Two. Return ramrod. Prime — ^Two. 
Ready. Front present. Fire. Load. Ready. Left present. Fire. 
Advance arms. Carxy arms. Sling arms — (^is taken firom any of the 
preceding positions). Strap arms — (from being slung, the carbine may 
be strapped). 



CARBINE EXERCISE ON FOOT ; FOR LOADING, AND FIRING 
sharp's BREECH-LOADING CARBINE. 

Words of command. 

Prepare to load — Two — ^Three — Four. Load — Two. Cap — ^Two — 
Three.* 

At — — yards. Ready. Present — ^Two— Three — Four — Five. 
Load. 



CARBINE EXERCISE ON HORSEBACK, FOR SHARP'S BREECH- 
LOADING CARBINE, carried in a backet. 

Words of command. 

Spring arms — ^Two. Prepare to load — ^Two— Three — Four. Load 
— Two. Cap — ^Two — ^Three.* At • yards. Ready. Front pre- 
sent — Two — ^Three — ^Four — Five, Load, (as before detailed). Ready. 
Left present. Advance arms. Carry arms. Sling arms. Strap arms. 



PISTOL EXERCISE. 



Words of command. 

Draw pistol. 1st motion. 2nd motion. Prime, and load. Ram 
down cartridge. Make ready. To the front, Present. (Fire. Prime, 
and load ; as before directed.) Make ready. To the left. Present. 
(Prime, and load ; as before.) To the right. Present. (Fire. Prime, 
and load ; as before.) To the rear, Present. (Fire, &c. ; as before.) 
Return pistol. 1st motion. 2nd motion. 



* N.B. The motions to " Cap" will be unnecessary when Primers are used. 



L^CE EXEBC18G, 





LANCE E 


XERCISE, 


Worda of command. 




Engog,. 


Ronnd. 




WflT». 

Firatpomt. 


Eight front. 




Second point 




Qu»rd. 






Thrort. 






Pbitj. 


Right rear. 




Third point. 


left rear. 




Ffluilh point. ■ 


Left. 




Gnud. 
Thrust. 


Left front. 




Fonrtii point. 
Carry l«nc 




Fiasr DIVISION. 



Right front. 
Left front. 
Right rear. 



Wave, Second pomt, and G 
Wave, Fourth poin^ and ( 
Tiiird pointf and Guard. 
Fourth point, and Guarf. 



SECOND DIVISION. 
AOAINBT UnTAItTBY. 



Right front. 
Left finnt. 
Right rear. 



First point, and Thniit, 
Fourth poiat, and Tbruat. 



Carry lance. 



.'■■• 

■ « '■• 
V. . 



',. .1' '.' <:i!^ 



E 



>i I* 
rfjl 



u 



I ^ 

m\ ii 



hi J 






■^iloBMh'aBi- 
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PART III. 
ORDNANCE, CARRIAGES, ETC. 



ORDNANCE. 



GXJNS. 



Ouns are distinguished from each other by their metal, and weight of 
their shot. 

A Oun is divided into five parts, which are named Cascahle, First 
re'inforce, Second re-inforce. Chase, Muzzle. 

The metal is made tiiicker towards the breech than at the muzzle, 
to strengthen the piece, for the elastic force of the Gunpowder is 
there greatest, and diminishes in power as the space it occupies is 
extended. The metal is made thinner towards the muzzle to make 
the gun lighter. 

The Dispart is half the difference between the diameter of the 
Gun at the base ring, and at the swell of the muzzle. By affixing 
on the muzzle a piece of metal equal to the height of the dispart, 
the line of sight will be made parallel to the axis of the bore, and 
therefore an object within point blank range can be seen. Howitzers, 
and some guns which have a patch or projection on the upper part 
of the muzzle, have no dispart, the seminctiameter of the muzzle 
with the patch added to it being equal to the semi-diameter of the 
base ring. Iron ordnance (BloomHeld's) are intended to have a degree 
and a half dispart, but the founder is allowed two-tenths of an inch 
variation in casting Iron ordnance, for any difference which there 
may be between the intended and actual diameter of the base ring, and 
muzzle. 

Brass Field Guns 6, and 3-pounders, 3 cwt. (4 feet), have a dispart 
of one degree ; S-pounders 2 J cwt. (3 feet) have a degree and a half ; 
and 12-pounders, and 9-pounaers have one degree and a quarter. 

The Angle of dispart is the number of degrees the axis of the bore 
would point above the object aimed at, when laid by the suiface of 
the gun. 

Point blank range is when the piece is laid at the object without 
any elevation ; the plane and the axis of the bore being parallel to 
each other. Its distance is measured from the muzzle of the piece 
(fired with the service charge of powder) to the first graze of the- 
shot, or point at which it first touches the ground. 

When a Shot is fired from a gun, it is acted upon by three 
forces : — 

Ist. The explosion of the Powder, which urges it forward. 
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2nd. The resistance of the Air, which tends to stop it. 
3rd. The force of gravity, which causes it to descend. 

When a Shot has been fired firom a gun one second of time, it has 
fallen 16|^ feet ; in two seconds, 64J feet ; in three seconds, 144j feet ; 
and proportionally for every additional second.* For this reason, it 
is necessary to give a certain degree of devation to a gun : as, for 
instance, should the time of flight of a shot be two seconds, the gun 
must be pointed 643 f<^t above the object intended to be strack, 
because in that time it will have fallen through that space ; therefore, 
the more distant the object is, the greater must be the elevation given 
to enable the shot to reach it. 

There are three modes of eartending the range of a Shot without 
increasing the charg^ of powder, viz. : — 

1st. By raising the piece to a higher level. 

2nd. By giving its axis greater elevation. 

3rd. By excentric projectiles ; recent experiments having shown that 
if the centre of gravity is placed directly above the centie of figure 
the rapge is greatly increased. 

A Tangent scale is affixed to the breech of Guns, and Howitzers, 
by means of which the requisite elevation may be given, and the 
object seen at the same time. This scale has divisions, called 
degrees, marked on it, and it is placed in a groove at the breech, from 
which it can be raised (being fastened by a screw) to give the neces- 
sary elevation. 

The divisions on the Tangent scale may be approximately found by 
multiplying the length of the piece in inches, from the base ring to the 
swell of the muzzle, by * 017455, and the product will give the length, 
nearly, of each d^ree, or division on the tangent scale. By subtracting 
the dispart from this product, the length of the tangent scale above 
the base ring for one degree of elevation will be obtained. 

When there is no dispart sight, the scale can only be nsed for 
elevations above the dispart angle. In this case the divisions must be 
marked, considering the top of the scale as the length corresponding to 
the dispart angle. 

Tangent scales, land servioe. 

Tangent scales for brass ordnance (both for land, and sea service) are 
of metal, and fit into a groove bored in the breech of the gun. 

There are three kinds of tangent scales for iron guns used in the 
land service. 

1. The metal scale, fitted to a metal block attached to the breech of 
the gun. This s used with Millar's dispart sight, also with the 
muzzle sight, in those guns where the shape of the breech admits of 
the scale being made of suflScient length. 



• iVote.— Vide « Motion," " Forces," &c.. Velocity, Gravity, and Amplitude. 
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2. No. 1 woodeD tangent scale is issued with Millar's sights, in 
addition to the metal scale, and is used for giving elevations beyond 
what can be obtained by the latter. Those now issued ai*e made to 
fit the block with great accuracy. A piece of metal is also screwed 
OB, into which the head of the metal scald is intended to fit. The 
latter should be i-aised as much as possible, and screwed tight, but 
not to prevent the wooden scale resting upon the top of the block. 

3. No. 2 wooden tangent scale is intended for guns not fitted with 
Millar^s sights. They can only be used for giving elevations above the 
dispart angle of the gun. 

Tangent Scales, sea service. 

For sea service iron ordnance, all breech tangeni scales are made of 
hexagonal metal tubing, on the sides of which the elevation, and cor- 
responding ranges are marked. They are fitted to gun-metal blocks 
attached to the breech of the gun. There is also issued for broadside 
guns, a wooden tangent scale, which is applied to the quarter sight, 
and by means of which the elevation of the gun may be determined. 

The Sights of a gun are two small notches marked on the upper 
part of the base ring (or on the top of the tangent scale) and swell of 
the mozsA. 

The line of metal is an imaginary line (kawn along the surface of 
the metal between the two sights. 

The line of metal Elevation is obtained by laying a Gun at an 
object by means of the sights, without giving any elevation ; from the 
thickness of metal at the breech, the line of metal elevation vai'ies 
from one to two degrees. 

jHie Centre of metal is indicated by a line drawn from the sight of 
the base ring to that of the swell of the muzzle. 

Windage is the difference between the diameter of the bore, and 
that of the shot. The windage formerly allowed was one-twentieth 
the diameter of the shot, but it is now reduced considerably : (Field 
Guns have only one-tenth of an inch) and this diminution of windage 
is very beneficial, longer ranges being obtained with the same charges 
of powder, and also greater precision of fire. 

The Vent J for every nature of Ordnance, is two-ninths of an inch 
in diameter. 

Bouching a gun is fixing a pure copper vent into it ; which is done 
by drilling a hole in the piece, where the vent is usually placed, about 
one inch in diameter, and screwing therein a piece of wrought copper, 
with a vent of two-ninths of an inch through the centre ot it. 

Tertiating a gun is examining the thickness of metal, whether the 
bore is perfectly straight, the trunnions properly placed, &c. It is 
performed by means of calliper compasses, and other instruments. 

Quadrating a gun is ascertaining if it is properly placed on its car- 
riage, and if the wheels are of an equal height. 

A Oun is honeycombed when the surface of the bore has cavities, or 
holes in it. 
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The Length of a gun is ascertained by measuring it from the rear 
of the base ring to the face of the muzzle. 

2he Calibre of a gun is the diameter of the bore. 

To find the Length of a gun, in feet and inches, its length in Calibres 
being known — 

Divide the product of the number of Calibres and the diameter of 
the bore, in inches, by 12, and the quotient will be the length in feet 
and Inches. 

To find the Number of calibres in the Length of a gun. 

Divide the length of the gun in inches by the number of inches in 
the calibre. 

Qun metal is a compound of 8 lb. or 10 lb. of tin, to 100 lb. of 
copper. The property of tin being to harden, the largest proportion 
(10 lb.) is used for moi*tars, they requiring a greater degree of hardness 
than guns. 

Ordnance cast of gun metal are generally designated Brass 
Ordnance, 

Brass guns are used for field batteries, they having been considered 
preferable to iron for the service, being lighter than iron gtms could 
be cast of the same calibre, without risking their bursting. 

Brass guns are, however, soon rendered unserviceable by repeated 
and quick firing. 

Iron guns are better adapted for batteries in the attack or defence 
of towns or fortresses, and also for service on board ship ; being less 
expensive than brass, and better able to sustain long-continued and 
rapid firing. At the siege of Badajoz the firing continued for 104 
hours, and the number of rounds fired from each 24-pounder 
averaged 1249 ; at the siege of St. Sebastian, each piece fired about 
350 rounds in 15^ hours. None of these guns were rendered un- 
serviceable ; but three times the number of brass guns would have 
been required to produce the same effect, or maintain such long and 
rapid firing. 

Service Charges of powder. 

For heavy guns .... J the weight of the shot 
For light do \ do. do. 

- The Point blank range of Iron 32, 24, 18, and 12-pounder8 with 
solid shot varies from 380 to 260 yards; from which to 1200 
yards, every \ degree increases the range about 100 yards; and 
from 1200 to 1500 yards, every ^ degree increases the range about 
50 yards. 

The Point blank ''range of Brass, 12, 9, and 6-pounder8, vrith 
solid shot, is 300 yards, and from which to 700 yards, every ^ d^ree 
elevation increases the range 100 yards; from 700 to 1000, every ^ 
degree increases it 75 yards, and from 1000 to 1200, every J degree 
increases it 50 yards. 
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The Point blank range of Brass, 12, 6, and S-ponnders is 200 
yards, from which to 600 yards, each j deeree increases the range 
100 yards, and from 600 to 1000, each { degree increases it oO 
yards. 

JMc—ToT Weights, Dimensions, Ranges, Charges, &&, vide Tables. 

HOWITZERS. 

Howitzers are a short description of Ordnance, either Brass, or 
Iron, and are used for projecting Shells. Their principal advantages 
are that they can be more easily loaded, and are considerably lighter, 
in proportion to their calibre, than Guns; and they also may be 
used as Mortars. They have no dispart, the diameter of the base 
ring, and swell of the muzzle being equal, except in the 24, and 
12-pounders ; which, however, are provided with a patch to make up 
the difference. 

Millar's howitzers differ from the old pattern in the increased 
length, being from six to ten calibres ; and in the conical form given 
to tiieir Cluunbers (called Oomer) which are the frustrum of a cone, 
terminating in an hemisphere. 

JVoto.— Vide Tables for Weights, Dimensions, Rai^^ Charges, &c. 

CARRONADES. 

A Carronade is a short piece of Iron Ordnance, with a loop under 
the reinforce instead of trunnions. Its construction is materially 
different to that of guns ; having a chamber ; a part scooped out 
inside the muzzle forming a cup; also a patch on the reinforce. 
They take their name from the Carron Foundry (where they were 
first cast for the Navy in 1779), are considerably lighter than Guns of 
similar calibres, and are fired with charges of about one-twelfth the 
weight of the shot. 

Carronades are chiefly used on board ship, but occasionally in case- 
mates, and retired flanks of fortresses. 

27ie highest charge is one-eighth the weight of the shot. 
The lowest charge one-sixteenth do. do. 

Jfote.— For Weights, Dimensions, Ranges, &c., vide Tables. 

* MORTARS. 

Mortars differ from Guns in the construction of their bore, 
and also in their form, which is considerably shorter, the metal 
being much thicker, and the trunnions being at the extremity of the 
breech. 

They are used for throwing Shells into a town, or battery, setting 
fire to and overthrowing works, blowing up magazines, and breaking 
through the roofs of barracks, casemates, magazines, &c. They are 
distinguished from each other by the diameter of their bore. Their 
chambers are in the form of a frastrum of a cone, in which the ^vdsx 
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is more concentrated ; the Shell fits close to the sides of the piece, and 
thereby recetyes the whole force of the expandon of the powder. The 
greatest charges their chambov wiilocMitain, and the eorre^nding 
Ranges, are as follows: — 

13-inch. 10-lncb. S-lnch. 

Land Service. Land Service. Land Service. 

Greatest charge 9 poonds. 4 pounds. 2 pounds. 

Greatest range 2706 yards. 2536 yards. 1726 yards. 

JVhen Mortars are used in firing on Inclined pianeSy up or dofcn 
Ml, should the inclination be considerable, take half the angle it 
makes with the horizon, and add it to, or sitbtract it from 45 degrees 
(whidi is for a medium plane), and it will give tJie greatest range 
upon the required plane, 

JVote.— Vide Tables of Dimensionsy Weight, Charges, Ranges, &c. 

VAtitJE Ot ORDNANCE. 
BRASS ORDNANCE. 

Dependent on the market price of metals ; at present the value of 
gun metal is JC180 a ton. 

IRON ORDNANCE. 

The value is variable according to the market price of iron ; at 
present the value is £20 a ton. 

PROOF OF ORDNANCE. 

All natures of Ordnance undergo several kinds af proof before they 
are received into the service : — 

Ist. They are ganged as to their several dimensions, internal and 
external ; as to the justness and position of the bore, the chamber, 
vent, and trunnions, &c. 

2nd. They are fired with a regulated charge ot powder and shot, 
being afterwards searched to discover irregularities, or holes produced 
by the firing. 

3rd. By means of engines, an endeavour is made to force water 
through them. 

4th. They are examined internally by* means of light, reflected 
from a mirror. 

IRON GUNS. 

The guns are first examined as to their proper dimensions, in 
which no more than * 3 of an inch variation is allowed ; and in the 
diameters of the bore only * 033 ; but in the position of the bore * 25 
of an inch out of the axis of a piece is allowed. 

They are then fired twice with the charge in the follovring table, 
with one shot and two high junJc wads, and examined with a searcher 
after each round. 
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In this examination they mast not have any hole or cayity in th(> 
bore of two-tenths of an inch in depth behind the first reinforce ring, 
or one-fourth of an inch in depth before this ring. 

PBOOF CHABOES. 

Nature . . 10 In. 8 In. 68 Pr. 56 Pr. 

'"^'Sdir} 20 18 28 28 

Nature . . 42 Pr. 32 Pr. 24 Pr. 18 Pr. 12 Pr. 9 Pr. 6 Pr. 3 Pr. 

^Sdf } 25 21i 18 15 12 9 6 3 

BRASS GUNS. 

From 3 to 12 pounders the diameter of the bore must not vary 
more than * 025 of an inch, nor in any dimensions more than • 2. 





PROOF i 


(JUABGES. 






Nature • 
Charge • 


. ' 12 Pr. 
. 51b. 


9 Pr. 
3|Ib. 


6Pr. 
2 lb. 


3Pr. 
lib. 



The 12 and 9 pounders are fired twice, the remainder three times. 
Any hole * 15 of an inch upwards, or sideways in the bore, or * 1 in 
the bottom, between the breech and first reinforce ; or '2 of an inch 
upwards, or sideways, or * 15 in the bottom of the bore before the first 
reinforce ring, will be sufficient to condemn them. 

MORTARS, AND HOWITZERS. 

The exterior dimensions are in no respect to deviate more than 
*1 of an inch in the 10, and 8 inch Howitzers, and * 05 of an inch in 
the 24, and 12 pounder Howitzers, and Royal and Coehom Mortars, 
and Howitzers. Their bores and chambers must not deviate from 
their true diameters, or positions more than *025 of an inch. 

PROOF CHARGES. 

The Brass Mortars, and Howitzers are fired twice with their 
chambers full of powder, and an iron shell. The Mortars on their 
own beds at an elevation of about 75 degrees, and the Howitzers on 
their carriages at an elevation of about 12 degrees. The Iron 
Mortars are proved with a charge equal to the full chamber, and a 
solid shot equal in diameter to the shell. Royal or Coehom Mortars, 
and also 24, and 12 pounders, or Royal Howitzers, having a hole of 
* I of an inch in depth in the chamber, or * 15 of an inch in the diase 
are rejected. A hole *15 of an inch in depth in the chamber, or *2 
of an inch in the chase is sufficient to condemn the 10, and 8 inch 
Howitzers. For the 13-inch Sea-service Mortar a cylinder weighing 
4^ cwt. is used for proof. 
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GARRONADES. 

The bores, and chambers of Carronades mast not deviate more than 
*05 of an inch from their trae dimensions, and positions. 

PBOOF CHABOES. 

They are proved with two rounds, with their chambers full of 
powder, and one shot and wad. A hole of * 2 of an inch in depth in 
the bore, or * 1 in the chamber condemns the piece. 

WATER PROOF. 

All Ordnancej after having undergone the before-mentioned proo6, 
and the subsequent searchiugs, are subject to the Water proof. 
This is done by means of a forcing pump, having a pipe or hose 
jStted and secui^d to the mouth of the piece, and a plug to stop up 
the vent. 

After two or three efforts to force the water through any honey- 
combs, or flaws, which there may be in ihe bore, they are left to diy, 
and generally the next day examined by light reflected from a mirror. 
If the bore should contain any small holes, or flaws which have not 
been discovered by the former proofs, they are very readily found by 
this, as the water will continue to weep or run from the holes, after 
the solid parts of the bore are perfectly dry. 

When a gun bursts in proving f the remainder in proof at the same 
time are subjected to another proof round. 

Ordnance condemned, for any of the foregoing reasons as unservice- 
able, is marked as follows : — 

D X for faulty in dimensions. 

S X by Searcher. W X by Water proof. 

Condemned Shells are thus marked : — 
F — for Fuze-hole faulty. 
N X for Non-conc«ntric. W x for Water proof. 

INSTRUCTIONS FOR THE CARE, AND PRESERVATION OF 

IRON ORDNANCE. 

Great attention should be paid to the care and preservation of iron 
Ordnance when in Depdt, or on Service, to prevent the iiTeparable in- 
jury Guns sustain from rust and corrosion. 

With this view the first step to be taken is to clear their bores and 
exterior surfaces from all rust and dirt, which is done on the inside 
with circular Spring Scrapers, fixed on the end of a long shaft or 
handle : these scrapers are made to press strongly on the sides of the 
cylinder, and by being drawn backwards and forwards by two or three 
efficient labourers, will remove the rust, and, if not in a very bail 
state, will restore a regular smooth surface ; the bottom or end of the 
bore is also scraped with a tool for that purpose, and the vent is 
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opened by passing a square steel rimer of its diameter through it, 
gently turning the tool round until the vent is clear ; after which the 
bore must be well brushed out, first with a hard round brush, and 
then with a Turk's-head brush, so that not the least dirt remains in 
it. This being performed, the first coat of lacquer may be laid on, to 
which, when dry, a second is to be added. This is done with a 
common painter's brush, fixed vertically on the end of a staff suffi- 
ciently long to reach down the cylinder ; and the bottom of the bore 
is lacquered by another brush fixed horizontally at the end of the 
staff; the outside or exterior parts of the pieces are also to be well 
scraped with an old sea-service sword, or steel tool of that nature, 
tolerably sharp, especially about the mouldings, where former coatings 
and dirt have accumulated ; and when the rust will not give way, it 
should be slightly hammered, so as to loosen it. These operations 
must be continued until the whole coat of old paint, rust, or dirt, is 
completely removed, after which the dust must be well brushed or 
rubbed off, and the piece will then be fit to receive its first coat of 
anticorrosion, to which, when dry« a second is to be added. 

Before the work is commenced the pieces should be arranged as 
nearly as possible in the places where they are to remain, as too much 
rolling is apt to disturb the coating of paint, especially before it has 
gained sufficient hardness to be durable. 

The following objects also require to be particularly attended to— 
viz.: 

In skidding Guns, &c., care must be taken that they are laid under 
metal, so that their muzzles may be sufficiently inclined downwards 
to prevent rain or any moisture lodging, and the bores from time to 
time should be swept out, as dust or sand blowing into them and being 
suffered to remain, would be very destructive; nor should the Guns 
be ever stacked one over the other, if the space where they are kept 
is sufficiently large to admit of their being laid in single tiers. 

After the Ordnance is once got into a complete state of preserva- 
tion, by following these instructions, very little trouble or expense 
will attend their being kept so, for a slight coat of anticorrosion on 
the exterior, and a thin coat of lacquer in the cylinder every three or 
four years, is all they will require, provided they are every now and 
then brushed out as before stated. 

On coating the Guns, it may be found useful to let the painter 
mark on them the date, which will show how long it lasts, as this 
may differ at different stations, especially such as are exposed to much 
damp air, and it will afford the means of calculating the necessary 
demands of articles for this purpose at stated periods. 

The same rules are to be observed in the preservation of all iron 
Ordnance mounted on works, with regard to the application of lacquer, 
and anticorrosion, and the precautions of keeping the pieces laid under 
metal, and frequently brushing out their bores, &c., as recommended 
in the foregoing instructions. 
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MIXTURE OF INOREDIEirrS FOB COATING, AND LACQUERINQ IRON 

ORDNANCE. 



lb. lb. 



Anticorrosion 40 

Black (Grant's) ground in 
ou ••*.*•»• 4 



Red lead, as a drier ... 3 
Linseed oil, gallons 4 
Tnrp^tine (spirits of), pint 1 



This mixture,, when well stirred, and incorporated, will be fit for 
use, but, as by long keeping in this state it becomes hard, no more 
should be mixed than is required for present use. 

BLACK LEAD LACQUER, FOR THE BORE^ OR CYLINDER. 

lb. lb. OZ. 

Black lead (Cumberland) . . 9 I Red lead 2 8 

Linseed oil, gallons 4 | Lamp blacky or wad ..04 

The oil to be boiled, and the paint to be well ground. This will 
keep. Great care should be taken in boiling the ofl, as any damp 
falling in would cause an explosion. 

INSTRUCTIONS FOR LACQUERING SHOT, AND SHELLS. 

All Shot, and Shel^ (including Shrapnel) are first to be cleaned 
exteriorly bv the machine, or otherwise, and then such as are found 
sufficiently correct, and up to their proper gauge, are to be twice lac- 
quered with the following composition, leaving sufficient time between 
for the coats to become perfectly dry, and hard. The warmest weather 
is the proper time for this operation. Ten labourers can examine, 
clean, and lacquer with two coats one thousand shot in a day, provided 
the weather be favourable. 

COMPOSITION. 

Grant's black 401b. Red lead 51b. Raw linseed oil 5 gallons. 
The red lead is to be ground into a part of the 'oil, in order that the 
whole of the ingredients may be thoroughly incorporated. 

TO RENDER ORDNANCE UNSERVICEABLE BY SPIKING, ETC. 

The most effectual method of rendering Guns unserviceable, or of 
no further use, is by removing one or both of the trunnions, which 
may be done by striking it near its end with a sledge hammer ; or by 
firing a shot against it from a carronade, or howitzer, the muzzle of 
the piece being placed near the trunnion. 

Brass Ordnance may also be rendered unserviceable by firing whole 
or broken shot into the bore from another piece ; or by firing a shot 
against the chase, which generally bulges the metal within the bore.* 

* When a that U jammed in a gun, and cannot be rammed home to the 
cartridge, destroy the charge by pouring water down the vent and muzzle, 
until the ingpnsdients are dissolved, and cleared out of the bore; then introduce 
M small quantity of powder through the vent, and blow out the shot. 
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For spring Ordnance, two kinds of spikes are used : — 

1st. The Common spike, which is 4 inches long, *27 inches in 
diameter at the head, and ahont * 1 at the point. It is driven as far 
as it will go into the vent, and afterwards broken off close to the gun. 

2nd, The Spring, or temporary spike, which is • 17 in diameter, 
and varies in length from 2*8 to 13*55 inches, according to the 
nature of the piece. It has a flat head to prevent its falling through 
the vent into the boi-e, and also a spring about two inches in length, 
which extends from the point towards the head. In passing through 
the vent, this is compressed, but as soon as it is clear of the metal, it 
expands and cannot be withdrawn, unless it is again compressed sufH- 
cientiy to allow its being agahi drawn into the veut^ which may be 
done by pressing a rammer head against it, provided the spring is to- 
wards the muzzle, which may be known by a small notch cat in the 
head of the spike to point out its direction. 

A long spike with a soft point may be driven into the vent, and 
the end projecting into the bore clenched ; which, as well as either a 
common nail or even a wooden peg, would answer as a temporary ex- 
pedient if a proper spike were not at hand. Should a momentary 
abandonment of the guns become unavoidable, by taking away the 
cap-squares, elevating screws, quoins, linch-pins, or side-arms, the 
enemy will be prevented using them fbr some time. 

UNSWKING ORDNANCE. 

If a gun has been spiked with a Common steel spike, load with a 
charge of powder equal to half the shot's weight: lay a leader of 
quick match along the bore, and double shot the gun, introducing the 
shot, however, very carefully. 

By affixing a piece of slow match to the end of the quick match 
which reaches to the muzzle, the gun may be easily and safely fired. 
Should the spike not be removed, the operation may be repeated. 

When Brass guns have been spiked, it would be iulvisable, a day or 
two before making the above experiment, to scratch round the spike 
with a graver, and pour a few drops of Sulphuric, or Nitric acid into 
the circle, which, being repeated, will find its way down between the 
spike, and the metal, particularly if the former is not perfectly round. 
When the gun cannot be unspiked by the above-mentioned operations, 
make a large fire round the breech to soften the spike, and after the 
gun has been gradually cooled, the spike may generally be removed by 
using the drill. 

When a gun cannot be unspiked, the only means of rendering it 
serviceable is to drill another vent, about half an inch from the original 
one. 

To drill a new Vent will require about an hour per inch. Care 
must be taken that a very small drill is first used, and afterwards 
one rather less than the diameter of the vent, otherwise the vent will 
run the risk of being too much enlarged. 
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2 



8 
8 



12*88 
12-88 
12-88 
12-88 
9-88 



9- 
9- 
9- 

7' 
7- 



88 

88 

88 

9 

9 



12-8 
12-8 
12-8 
12-8 



9- 
9' 
9 
9- 

7- 
7- 



8 

8 

8 

8 

82 

82 



17- 

17- 

16-3 

16-4 

12-3 

29-8 



18 
13^ 

6 

3 

H 
2i 



4-62 

4-2 

3-66 

2-91 

2-91 

2-01 



4 

2 8 

1 8 

12 

10 

6 



5 
3 
2 
1 
1 



8 



12 



4 
4 
3 
2 
2 
1 



47 

1 

56 

83 

83 

99 



4 
4 
3 
2 
2 
1 



43 

06 

53 

8 

8 

92 



32 Pr. 

24 

12 



10-inch 
8 

4? 



5 3 10-5 

4 8-6 9*8 

3 9*2 9*8 

1 10 4-8 



18 
13 

H 



6-3 
5-72 
4-58 
4-52 



3 
2 8 
1 4 

8 



4 

2 8 

1 4 

1 



6-2 
5-62 
4-47 
4-47 



6-1 
5-57 
4-43 
4-43 



2 
1 
1 
1 



3 
9 
3 




2-7 
2-6 
2-6 
2-6 



12 

6 



1 



10- 
8- 

5-62 
4-52 



4 
2 



7 
5 



9-88 
7-9 
5-62 
4-47 



9-8 
7-82 
5-57 
4-43 



* Shot for gans : Shells for howitzers, and morUn. 
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CARRIAGES. 

Garrison carnages are made of oak and other hard wood. Trucks 
iron ; but in those situations which are not expo;>ed to enfilade, the 
carriages are cast iron. 

Ship carriages, — The Brackets and lyansoms are elm, Axletrees 
oak, Trucks elm. 

* Field gun carriages,— 'All Travelling carriages are now made en- 
tirely of oak. The Carriages^ for the heavy iron 12 and 9-pounders 
with bracket-trail, and also for all heavy battering ordnance, are made 
of oak. Limbers have the azietree beds of elm ; Fatchells, Splinter, 
or Sweeping-bar, of ash ; Footboards, fir or elm. Limher-ioxes have 
the sides elm, and the rest fir. Ring-tires are use<l for light 
d^ponnders and hand-cart wheels. Shafts are always made of ash. 
Wheels have the Nave of elm, Spokes (12) of oak, Felloes (6) of ash. 

Sleighs are used for the conveyance of artillery, during the winter, 
in Canada.* The sleigh consists of a platform six feet ten inches long, 
and three feet ten inclies wide, placed on runners sixteen inches high ; 
upon this rest two strong transoms, to which the brackets supporting 
the gun are secured. A box, distinct from the ammunition boxes, is 
placed on each side of the gim, together capable of containing about 
thirty rounds of ammunition, and which serve as seats for Kos. 1 
and 6. These boxes usually contain the shot, and small stores carried 
in the axletree boxes, as well as long reins for driving, when in single 
draught. The extreme breadth of die runners is three feet. 

Packing the Intrenching tools, ^c. 

Marching order, — In marching order, the followmg stores and in- 
trenching tools 2x^ on the gun sleighs; two fitting ropes^ one spare 
frwingletree ; swords of Nos. 1 and 6 on front platfoim under breast 
of gun, claw hammer, wrench, and pincers ; in sockets, two portfire 
sticks on right rear of platform. 

On No, 1 ammunition sleigh; two fitting ropes, prolonge, two 
spare swingletrees, and sword of No. 3, on front part of platform ; 
carbines of No. 1 and 6, on front box ; spare sponge, and worm on 
platform right of boxes; spare hands])ike on left side ; 4 spare traces 
between front and rear boxes ; swords of Nos. 4 and 5 on platform in 
lear of boxes, covered by knapsacks of Nos. 1, 6, 5, and 4. The 



• The recoil of guns on sleighs varies from four to five feet when on rough 
pround or lu deep snow; to tweniy or thirty yards when on glare ice. In the 
Utter case It is of course necessary to send the ammunition sleighs further to 
the rear ; but the recoil may be considerably lessened by placing a small chain 
round each of the runners. 

Ice of eight inches thick will boar with safety a weight of llig lb ^or 
nearly half a ton) on the square foot. ' ^ 
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knapsacks are strapped from off-handle of off-box to rear handle of 
reai*-box. 

On No, 2 sleigh ; felling axe, and two camp kettles, on front of 
platform ; sword of No. 2 on front box ; pickaxe in rear of hout box ; 
four spades strapped to front of rear boxes; four water buckets 
strapped to guard irons of front box, two at each side ; swords of 
Nos. 7 and 8 in rear of boxes, coyered by knapsacks of Nos. 2, 3, 7, 
and 8. 

DEPRESSION CARRIAGES. 
Of these there are two descriptions — 

1st. Those in the batteries at Gibraltar. 
2nd. Those constructed for general service. 

These latter carriages are similar to common standing carriages,* 
excepting that they are about a foot longer, and the front transom is 
hollowed so as to allow of a greater depression, and has a bolt behind 
it for the end of the stool bed. There is also a skid, or transom, 
placed across the last step of the caniage, which has a thread in it for 
the elevating screw that supports one end of the stool bed. These 
carriages admit of a depression of 30°, but after every round the piece 
must be brought horizontal to load, which is done by taking out 
altogether the rear transom. Depression Carronade carriages differ 
from the common carriages in having their trucks in rear instead of in 
front. They are depressed by an iron segment of a circle, which is 
moveable it a slit in the trail, and which has holes in it about an inch 
apart, through which a bolt is to be placed to support it at any 
height, the intermediate depression being given by a screw. 
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68 CARRIAGES. GTN TRIANGLE. PLATFORMS. [PART UL 
Oarbiages ; Siege, travelling. 



8 Inch 52 Cwt 
32 Pr. 56 Cwt. 
24 Pr. 50 Cwt. 



Weight. 

cwt. qrs. lb. 

( Carriage 25 1 

(Limber 10 14 

CCarriage 24 

(Limber 10 14 

(Carriage 23 3 25 

(Limber 10 14 



10lnchHowiUer{gS2:f: [ ] ] [ : [ ]% ^ {« 
SlnchHowiUer {g^ I I ! ! ! ! : J ?^ lit 



Gyn Triangle. 

18 Feet, with New Pattern Windlass 11 3 20 

Platforms. 

Portable, Capt Clerk's pattern 14 22 

{r 10^ or 68 Pr 32 2 27 

Wood < 8" 32, or 24 Pr. . . . . 24 2 21 

(Do. Casemate 21 17 

Iron 8" 32, or 24 Pr 50 



Carriages, Garrison. 



Dwarf 



Platforms 
Wood 



1 10", or 68 Pr 17 1 25 

i 8 Inch 14 



82 Pr 13 3 26 

Platforms j^.^^f' }J 

Iron 1?!^' 12 3 26 

»24 „ 13 6 

8 Inch 15 

32 Pr 15 2 

24 „ 13 2 

Common Standing . ^18 ,, 12 1 1 

12 „ 11 

9 » 10 1 13 

6 » 9 20 

(10^»or68Pr 15 2 20 

Rear Chock . . . J 8" {53} Cwt 13 22 

'32 Pr 13 2 12 
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Carts. General service. 

Weight. 

cwt qre. lb. 

Forage, Military Train 7 2 26 

Hand 430 

SUng 17 3 24 

Trench 5 2 13 

Maltese 5 1 22 

Ditto, fitted with Portable Forge, Frame, Bellows,) 19 n o 

Anvil and Block, Vice, Tool, and Coal Boxes .5 *-« " » 



Waggons.' General service. 

MiUtary Train 13 3 

Ambulance 12 2 

Bread 13 1 26 

Platform 21 3 18 

SUng 3325 

Small Arm Ammunition {^^y;^ ! .' ! ! ! ! 9 J ^0 



1st Class 



Wheeus. 



Height. Weight. 



ft. in. 



/ Howitzer, 10, or 8 Inch ; also 8 Inch ) e 
I of 52 Cwt. 32, 24, or 18 Pr. Guns 5 ^ 



ls«-8{S^r : : : : : :l 



Limbers for 



2nd Class' 



Cart 

^9 Pr. heavy for Carriages, and Lim 
bers of 32 Pr. Howitzer, and 
12 Pr. Brass Guns. Body 9 Pr. 
Brass, and 12 Pr. Iron Guns, and 
24 Pr. Howitzer Carriages 

PUtform Waggon {^^^ ; ; ; 

{Siege Carriage 
Sling Waggon . 
9 Pr. light, used for 6 Pr. Gun, and' 
12 Pr. Howitzer Carriages, and 
Limbers. Body 9 Pr. Gun, and 
24 Pr. Howitzer Limbers, and all 
Ammunition and Store Waggons 
and Carts, for a Troop, or Battery 
B. A.: also large Pontoon Car- 
riage, Hind • 



4 
5 
4 
5 







5 6 



5 










> 5 



4 2 



cwt qra. lb. 
4 15 



5 

4 



\ 



3 6 
2 20 



2 1 12 



2 9 

3 

2 9 

3 



1 3 23 



\ a*M5i 
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AXLETBEES. 



[part IIL 



Wheels — c<Mtinued. 



Height, 
ft. In! 



3rd Class 



4 2 



'General Service Wheel, used by air 
Carriages of the Military Train, 
Cavalry Forge Carts; Forage 
Waggons R. A. ; Boval Engineers 
Equipment ; Ambulance, and In- 
fantry Pontoon Waggon; .3 JE*r. 
and 4A Inch Howitzer Carriages, 
and Limbers •^ 

J 3 Pr., and 4? Inch Howitzer, Moun- 1 o q 
tain Service 3 
Barrows, Ammunition . . ..26 



height, 
cwt. qrs. lb. 



1 16 



2 10 
1 12 



AXLETREES. 



Weight 



cwt. 



Ist Class 
Arm 



10, or 8 Inch Howitzer : also 8 Inch of 52 ) 

Cwt. or 32, 24, or 18 Pr. Guns . . . 3 ' 
SUng ^Waggon ........ 2 



tCart 



qrs. lb. 

3 9 

3 
3 8 



'9 Pr. Heavy, used for Carriages and Lim-' 
bers of 32 Pr. Howitzer, 12 Pr. Brass 
Guns, and Platform Waggons, Body 
9 Pr. Brass, and 12 Pr. Iron Gun, andf 1 17 
24 Pr. Howitzer Carriages .... 

2nd Class id Pr. light, used for 6 Pr. Gun 12 Pr.\ 
Howitzer, and large Pontoon Carriages 
and Limbers. For Limbers of 9 Pr. 
Heavy, and all Ammunition, and Stored 3 16 
Waggons, and Carts for a Battery, or 
Troop, and Limbers for 12 Pr. Iron 

Gun 

Carts, Trench 2 17 

'Carts, hand 1 21 

PRrts i Forage ^ 

oaris iForge, and Maltese . . . 

/'Ambulance, Bread, Infantry 



3rd Class ' 






Waggons < 



^024 



Pontoon, and General Ser- 
vice, including Engineer 
Equipt. and Artillery Forage 

Waggons 

Pr. of 4 Feet, and 4§ Inch Howitzer ^ 
Carriages, Waggons, and Limbers Co- 1 1 9^ 
lonial Service J 

j3 Pr. of 3 Feet, and ^ Inch Howitzer,) « ^ «^ 

4th Class ^ Mountain Service »}0020 

(Barrows, Ammunition 16 
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WeigM, and Dimetama of TVwis, /or Zand Serviee. 





^^ 


H^ 


Truck.. 


msmsur. 


ii 


WeEgSt of 
epaJr. 






Weighrol 


Track. 


Hole. 


Ttuck. HDle. 


48 Pr. 

32 

21 

18 

12 

3 






5 
6 
6 

6 

5 
5 

S 


E 

5 

4 


62 
25 


3 020 

a 1 26 

2 1 26 
a 126 

I 3 4 


ft. in. 


6 




a 

3 


5 
5 

5 

5 


1 a 5 

1 a 5 

I 2 5 

116 



Weight, and Dimaiaims of Morlar Beds. 



NMore 


ofEed; 


Weight. 


mmfnrionj. 
















Bread til. 
















13 loch . 


. Iron . . 


35 a 2a 




3 1 


2 1 














8 Inch . 




7 2 27 




3 1 


I 3 


aJlDCh . 


. Wood. . 


1 10 


2 7 


1 3 




4JlnDb . 


, Wood. . 


3 5 


a 5 


1 3 







EW PATTEBK. 








lS^<a.' 


■Weight. 




Lmglb. 


Brudtb. 


Helgit 


13 Inch . . Iron . . 
10 Inch . . Iron . . 
8 Inch . . Iron . . 


17 3 16 
8 3 3 


ft. in. 

4 4 
3 3 


1? 

3 1 


1 3 
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RANGE, ELEVATION, ETC., OF BRASS ORDNANCE, 
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RANGES. BIOOCHET FIRING. [PART 17. 



8 Inch Gun, 

Length, 9 feet ; Weight, 65 cwt. ; Height of gun above 
the plane, 5 feet 7 inches. 



Nature 

of 
shot. 

Solid 


Charge. 


Eleva- 
tion. 


First 
graze. 


FUght. 


Second 
graze. 


Ex- 
treme 
range. 


Time 

of 
flight 


Num. 
berof 
grazes. 


lb.' 
10 
10 
10 
9 
9 


Degrees. 

p. B. 

10 

iP 

P. B. 

lO 


Yards. 
315 
660 
818 
343 
615 


Sec. 
1" 
2" 
3" 
1" 
2" 


Yards. 

901 

1006 

1240 

776 

970 


Yards. 

3207 

2803 

2433 

2683 

2483 


Sec. 
20" 
19" 
16" 
17" 
15" 


23 
18 
13 
12 
10 



LONG RANGES. 



Nature of 
Ordnance. 


Weight. 


Charge. 


Shot, or shelL 


Eleva- 
tion. 


Greatest 
range. 


68 Pr. 

10 inch. 
68 Pr. 


cwt. 
95 

112 
95 


lb. 
12 

15 
16 


j Eccentric hol-l 
< low 8 inch > 
y shot. J 
/Eccentric shot,) 
\ 91 lb. 1 
Common shell. 


degrees. 
24 

28 
27i 


yards. 
6500 

5735 
5605 



RICOCHET FIRING. 

1. When adopted in the field, the guns should seldom be elevated 
above 3 degrees, as the objects fired at are generally cavalry, and 
infantry, and the lower the angle the longer will the ^ot preserve its 
force, and have effect. 

2. In the ricochet of a fortification of any kind, the elevation should 
seldom exceed 10 degrees to throw the shot over the parapet a little 
higher than the level of the battery ; and, on the whole, the best ele- 
vation to enfilade a work is from 6 to 9 degrees, measured above the 
crest of the parapet with corresponding charges. 

3. The charge, and elevation being known for any range, when the 
gun, and parapet are on the same level, the same charge, and eleva- 
tion may be used so long as the difference of level does not exceed 
one-twentieth of the horizontal distance between them, the elevation 
being given by the tangent scale, and the gun laid at the parapet, 
whether above, or below its own level. 



PABT IV.] RANGES, ETC MORTARS. 

Sicochet Practice toiih Iron Ordnaaee. 
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MORTARS. 

Practieal rules. 

To find tie Charge for a gizen Sange at 15° elenatim. • 

13 inch Xortar. — To the range, ia farda, add half the range, mul- 
' tiplf the siun b; -03 for the charge, in oaiK«B. 

10 IneA Mortar.— Whea Ihe range is ODder 1350 yards, add to the 
range 160, and multiply by -OS; and if the range ia over 1350 yardt, 
add one-tiftli of the range, ^ mdtjpl^by '02 far thechai^.inouncet. 

S inc/i Mortar. — To the range, In yards, add 20, and the sum mul- 
tiplied by '015 irill give tLe diarge, in oances. 

5^ inch Mortar. — To the range in yarda, add 150, and maltiply by 
•08, Ibr the charge, in onncee. 

4J inch Mortar. — To the range in yards, add 300, and multiply by 
•06 for the charge, in drams. 

Tb find the time of jlight, the range being giren. Divide the square 
root Df the range, in leet, by 4-5 for the time of Sight, in aeconds. 

lb find the Range, the Time of Might being giren. Multiply the 
tima of flight, in eaxmdB, by 4-5, and square the product tur the 
naa, in feet. 

fb find tAe length of Fuie,* for a given range. Multiply the time 
offlight, in Eeoonda, by '23, for Ihe 13, and 10 inch mortal s, and by 
- 24 for 8, 5^, and 4] inch mortal i, for the length of fuze, la tenths. 
* OH fatten). 



BAN0E8, Etc. — MOETAEB, [PART IV. 1 

Sfortar Praetkt at 15', 25°, and ii," Elnalim. 1838. 





m 

'■till 


.^.n 


^4§g gi||§|g 






■««j 








■iBjnu) 


«-*-*■• «M«{r!n«fla 






no|,^,ora 


S2 8 S 








■»SmTi 


tSS3SSg«8§§s| 


t 




■«M 


^^.E.s- a.a.a 


!\ 




-^amo 


8*— -»"''^"^-'".a 


i 




■Bumisia 


|s as 






i 


-^™a 


i§glS§l§llg§S§l§|ISi| 






-any 


,..-.»,_„„, 5„S,S»S,S. 












-oa«i[o 


S2 "^S^£ '"-M3W-.T3r«j 






noiH.Jia 


l. . 


i 




ii 

"iiii 


■aSma 


i§§sBS||gg||||||| 1 


1 




'"^ 


d*. 7 *"?■?* «??S^E»ffias 


i 






« 




■iS,mio 


g ■*« ST?^ S-o. o - « 2 2 S"*^" 


S 




■«.,™.,a 


r- 


^ 




tin 

a 


■.3«a 


Bsmmsmism%Bf 






-amy 


jf .r?^?s»?.?~?-s. >, 










/ 


-ifij^B 






L 


'"'^''3 ( |S 


\ 



STORES, COMBUSTIBLES, EXa B3 



PART V. 

STORES, IMPLEMENTS, COMBUSITOLES, ETC., 
KEQUIRED IN BATTERIES. 

• • BALLS, LIGHT. 

Light Balls are thrown from mortars at night, to discover the 
operations of the enemy's working parties, &c. 
Light balls bom from 10 to 20 minutes. 

Composition. 

lb. oz. lb. oz. 

Rosin, pounded • • • 1 14 
Linseed oil, boiled . • 7 j^ 



Saltpetre, pulyerized ••64 
Sulphur, ground ..•28 



BALLS, SMOKE, 

Smoke balls are fired from mortars to suffocate the men in mines, &c., 
or to prevent them continuing their work. They are also used to con- 
ceal manceuvres, &c., from an enemy. 

Smoke balls bum from 25 to 30 minutes. 

Composition, 

lb. oz. I lb. oz. 

Corned mealed powder . 5 | Swedish pitch .•••20 

Saltpetre, pulverized . • 1 I Tallow 8 

Sea coal ..... 1 8 I 

7b construct hollow Globes, or Cases for Light balls, ^c. 

The canvas, or paper, may be formed in the following manner, 
viz. : — ^With radius of half the intended calibre, describe the circle 
A B D (mde Figure 20, Practical Geometry), and divide the same 
into four equal parts. From B with radius A B describe arc A £, from 
A with radius A B describe arc B E, and from E with radius E A 
describe arc a B. Eight pieces, as e A B, will form a ball nearly spheri- 
cal, the edges being brought dose together. 

CARCASSES. 

Carcasses, a species of shell, are filled with composition, the flame 
from which is extremely powerful, and nearly unextinguishable. 
They are much used in bombardments of towns, setting fire to ship- 
ping, &c., and are discharged from guns, mortars, and howitzers, 
similarly to common shells ; from which, however, ^i^-^ ^c&<«s£^ vgl 
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CARCASSES. 



[part V. 



being made thicker, to enable them to withstand the intensity of fire, 
and in having three fbze holes instead of one. 

Carcasses bum from 8 to 10 minutes. 

AH carcasses have three holes ; and, from guns and howitzers, are 
fired with sabots. 

Carcass Composition, 



Saltpetre, pulverized 
Sulphur, sublimated 
Rosin, pounded • 



lb. 02. 

6 4 
2 8 
1 14 



Antimony, pounded 
Tallow. . . . 
Turpentine • • 



Weight, and Dimensions of Carcasses, 



lb. oz. 
10 
10 
10 



Nature of Carcass. 


Exterior 


Weight, 


Weight, 


Land Service. 


Diameter. 


empty. 


filled. 




inches. 


lb. oz. 


lb. oz. 


13 Inch .... 


12-84 


220 


234 8 


IP Inch . . . « 


9'84 


97 


104 


8 Inch .... 


7-86 


52 4 


57 


5^ Inch .... 


5-59 


15 8 


17 1 


4§ Inch . . . ' . 


4-45 


8 4 


9 1 



PAST T.] CARTRIDGES. 

a FOB ouxa, howitzebs, etc. 
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86 FUZES. [part v. 

FUZE (boxer's). 

The wooden cases are made of well-seasoned beech. The compo- 
sition bore is made ezcentric with regard to the exterior, and two 
powder channels are bored upon that side in which there is the 
greatest thickness of wood. A hole is bored through the mealed 
powder at the top, and into the faze composition, to insure the igni- 
tion of the faze composition from the priming. Two rows of holes 
(the holes two-tenths of an inch apart) are made into the powder 
channels, and the bottom hole in each row is continued to the axis of 
the composition bore. The small side holes, with the exception of the 
bottom ones, are filled with pressed powder, and a small portion of 
clay. The powder channels contain rifle powder, and the bottom side 
holes have a piece of quick match placed in them. 

A simple bomg bit is supplied to each gun, in case the borer, 
specially made for the faze, is lost, or damaged. 

Captain Boxer's 5} inch fuzes are to be adopted for all natures of 
guns, and howitzers, one inch in length for Shrapnel shells, and two 
inches in length for common shells. 

FUZE, NAVAL (bOXER's). 

Instructions for Naval Shells^ and Fuzes, 

Ail naval shells are now prepared so as to take a metal fuze with 
a right-hand screw 1 • 3 inch in diameter (outside measurement) and a 
pitch of 16^ threads to the inch : this arrangement has been made to 
enable all shells to be used either with the Moorsom, or the time 
fuze.* 

The " bottoms " or " sabots *' of all naval shells are hollowed out 
in order that the shot may be in contact with the metal of the shell 
when the gun is charged with shot, and shell. 

All ** bottoms " or " sabots " for 8 inch naval shells are tapered, 
and are suited either for the 68 pounder, or the 8 inch guns. 

The top of Boxer's naval time faze is assimilated to the Moorsom 
fuze, as regards the arrangement for screwing, and unscrewing. 

In the Moorsom fuzes made previous to September, 1858, tiiere are 
only two holes in the head of the fuze, and Ihese holes are not so far 
apsut as those in the Moorsom, and time fuzes at present manu- 
factured. Two additional pins to correspond with the holes in head of 
the 'Moorsom fuze, made previouJly to the date of the order above 
quoted, are placed in the new spanners. 

Four holes are now made in the heads of both the Moorsom, and 
Boxer's time fuzes, and these holes are also at the same distance apart 
in each. 



* The time fuzes made previous to September, 1858, cannot be used for 
the Moorsom shells at present In store— but only for the shells prepared 
especially for them before the above date. 



PART v.] FUZES. 87 

There are two descriptions of time fuzes for the navy : the one is 
driven with mealed powder, and bums 7^ seconds, at the rate of * 1 
inch in ^ second : and the other is driven with fuze composition, and 
bums 20 seconds, at the rate of * 1 inch in } second. 

The mealed powder fuze is marked with a red ring on the top of 
the cap, and with M. P. on the side of the square, and the holes are 
coloured red. The composition fuze has the holes painted white. 

The fuzes are marked according to the time of burning ^ and not, as 
in the old pattern, according to the length of composition. Small 
holes, * 2 inch apart, are drilled completely through the metal, and .the 
bore is lined with a cylinder of paper * 075 inch thick, which prevents 
the fire of the burning composition from issuing through the holes. 

There are two rows of holes in each fuze: this arrangement is 
necessary in order to obtain the required sub-division — for, on account 
of the size of the holes, they cannot be made closer than *2 inch, but 
by having two rows the sub-division is extended to • 1 inch. 

A brace, and bit are supplied, to prepare the fiizes for service. 

The mealed powder fuze should always be used when the time of 
flight is not required to be more than 7^ seconds. 

To PREPARE Boxer's Naval Fuze for Service. — ^Hold the 
fuze firmly in the left hand — place the head of the brace next the 
body — insert the point of the bit into the hole which corresponds to 
the time required, and turn with the right hand till the stop comes in 
contact with the metal. 

FUZE, MORTAR (bOXER's). 

Fuze for 13, 10, and 8 inch Mortar Shells, 

The fnze for mortar shells has a spiral row of holes, the centres of 
which are * 2 of an inch apart in the direction of the axis of the fuze. 

Directions for preparing the Fuze for any particular range. 

Hold the fuze firmly in the left hand, insert the point of the bit 
into the required hole, place the head of the brace against the body, 
and turn with the right hand until the stop comes in contact with the 
wood. 

N.B. — The wood bottom of the fuze must on no account be cut off, 
as it supports the composition, and prevents its being disarranged by 
the shock at the discharge. 

2{ote. — The 13, and 10 inch shells at present in store have larger 
fuze holes than those which will be hereafter cast. Fuzes on h 
similar principle, but larger in diameter, will be supplied with these 

shells. 

The fuze holes of the old shells being irregular in size and shape, 
the fuze must be rasped if necessary. 



88 GEENADES, GUNPOWDER, ETC. [PART V. 

GREASE. 

The composition used for greasing wheels is composed of equal parts 
of tallow, and coarse sweet oil melted together, and it is made up in 
kegs of 28 lb. each. In warm weather the proportion of tallow must 
be incraased. 

GRENADES, HAND. 

A Land service Hand grenade weighs 1 lb. 13 oz., and may be 
thrown from 40 to 60 feet. The diameter of the fuze composition is 
* 2 of an indi^ length 2 * 25 inches, and weight 3 drams. 

Bursting charge, 1^ ounce. 

GT7NP0WDER. 

The component parts of Powder are 75 parts of nitre, 10 of sulphur, 
and 15 of charcoal. 

Cylinder powder is made from charcoal that has been burnt in iron 
cylinders ; and Pit powder from charcoal burnt in common pits. 

Gunpowder, when ignited^ expands with a velocity of about 5,000 
feet per second ; and the pressure of the fluid is about 2,000 times 
that of common air. 

One pound of Powder measures 32 solid inches. 

A cubic foot of Government powder weighs about 58 pounds. 

Gunpowder is manufactured by reducing the nitre, sulphur, and 
charcoal to powder ; they are then mixed, moistened with water, and 
again mixed in a mill for five or six hours, or until the mixture is as 
intimate as possible, for upon this the strength of the powder chiefly 
depends. 

When taken from the mill, the composition is put in a press, and 
formed into hard cakes about a quarter of an inch thick ; these, when 
dry, or nearly so, are broken by wooden mallets into small pieces, and 
reduced into grains by being put into sieves, and forced by means of a 
wooden roller through circular holes of the proper diameter. 

Good powder should be devoid of smell, and of uniform colour, ap- 
proaching to that of a slate. The particles should be peifectly granu- 
lated, and free from cohesion. It should admit of being readily poured 
from one vessel to another. 

In powder that has become damp, large lumps are formed : should 
the damage, however, not be veiy considerable, these concretions may 
be reduced by drying the powder in a hot-air stove, rubbing and 
loosening the grains ; but powder thus affected never thoroughly re- 
gains its lost strength. 

To test the purity of powder. — Lay a dram of it on a piece of clean 
writing-paper, and fire the heap by means of a red-hot iron wire : if 
the flame ascend quickly with a good report, leaving the paper free 
from white specks, and without burning holes in it, the goodness of 
the ingredients, and proper manufacture of the powder may be safely 
inferred. 

Good powder blasted upon a clean plate of copper should leave no 
tittck, or mark of foulness. 



PART v.] POWDER MARKS, POWDER BARRELS, ETC. 89 

Powder caused for 17 or 18 days to the influenoe of the atmosphere 
ought not to increase materially in weight. One hundred pounds of 
powder should not ahsorb more thau twelve ounces : if it increase in 
weight more than one per cent., the powder should be condemned. 

Proof of Gunpotcder. 

To prove the strength of large grain, or common powder^ 2 ounces 
are fired from 8-inch Gomer mortars (at an angle of 45*^), placed on 
stone beds, and so fixed as not to recoil. These mortars are loaded 
with shot weighing 68 pounds, and the average of the ranges, with 
Government powder of Waltham Abbey, is 250 feet. Powder made of 
common pit charcoal will only project such a ball, under the same 
circumstances, about 220 feet ; and powder that has been re-stoved 
will only produce a range of from 107 to 117 feet. 

A musket, charged with two drams of fine grained^ or musket powder, 
should di-ive a steel bullet through 15 or 16 half-inch elm boards, 
placed three-quarters of an inch from each other, the first board being 
set at 40 inches from the muz2le of the musket: with re-stoved 
powder, the bullet will only perforate from 9 to 12 of the boards. 

The quality of large grain powder is ascertained by its general ap- 
pearance, its firmness, glazing, uniformity of grain, and density. 

PO^VDER MARKS. 

The various sorts of Powder are distinguished by the following 
marks on the heads of the barrels : — 

♦L G Large grain. 

*F G Fine grain. 

K A • For rifie aims. 

fL G Large grain. 

JF G Fine grain. 

K S Re-stoved. 

*Bed L G, or F G, denotes powder of the best quality, f White 
L G, or F G, is an inferior' Powder for salutes, &c. 

POWDER MAGAZINES. 

To ascertain if a Magazine is damp. — Soak a piece of sponge in a 
solution of salt of tartar, or common salt and water : let it be well 
dried, and weighed, and then be placed in the magazine, which, if 
damp, will cause the sponge to become heavier. 

A small weight, suspended by a piece of catgut, or hair, will also 
discover moisture, causing the former to contract, and the latter to 
lengthen. 

POWDER BARRELS. 

Whole BaiTels contain 100 lb., and Half Barrels 50 lb., of powder, 
whether fine, or coai'se. 
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Dimensions of Powder barrels. 

Whole barrels. Half barrels. Quarter barrels, 

inches. hiches. inches. 

Depth . . . • 20* 16} 14 

Diameter at top . \b% 12-- 9} 

Do. at bulge . . 16* 13^ lOj 

Do. at bottom . • \b\ 12^ 9^ 

BUDGE BARRELS. 

Weight of barrel, copper-hooped, 10 lb., hazel-hooped, 6 lb. 
Length of barrel 104 inches i ,, , .„ ^ . ooiv 
Diameter . . 13 „ ] ®*^** ^"^^^ ^*" «*°*"'^ 3^^^- 

CASES, POWDER (bOXER's). 

Pentagonal. — Dimensions of sides m inches. 

One— 15*42. Two— 11-044. Two— 9*2. Depth of case— 19 '2. 

Weight, 68 lb. 

HANDBARROWS. 
Length, 5 ft. 3 in. Breadth, 2 ft. Weight, 19 lb. 

HANDSPIKES. 

Length, 5 ft. Diameter at top, 1«25; Diameter at bottom, 2 '75 
inches. Length of square, I foot 9 inches. Weight of ten, 64 lb. 

There is a larger kind, 6 feet in length ; weight of ten, 100 lb. 

LEVERS. 

ft. in. lb. 

Iron shod, length ,40.. Weight of 5 . • 36 
Common . . , % Q % * Do. • . 54 

LIGHTS, liOKG (bOXER's). 

The paper case is 10 inches long, 6 inches of which are filled with 
composition ; one end is left open to fix on a wooden holder ; the other 
end is fitted with a nipple, on which a percussion cap is to be placed. 
By giving the cap a smart blow on some hard substance, it ignites the 
composition, which will bum for six minutes. 

Composition. 

lb. oz. 
Saltpetre, ground .... 7 
Sulphur, sublimated . . . A \^ 
JJed orpiment . . • • • Q ^ 
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LIGHTS, SIGNAL (bOXER's). 

This is similar to the Light, lonq, but lias only one inch of com* 
position. 

MATCH, QUICK. 

Composition, 
lb. oz. 
Cotton wick ••221 Gunpowder . 12 lb. 
Gum arable . • 8 | Water . . 4 quarts. 

Four pounds of the gunpowder are mixed into a thin paste with a 
portion of the gum-water boiling : in this the cotton is then immersed. 
Six pounds of gunpowder made into a stiff paste, with the remainder 
of the gum-water, is spread on the top of the match, which is after- 
wards reeled off, tiie remaining two pounds of powder being sifted on 
the match while on the reel, and some of the stiff paste being held in 
the hand through which the match passes. 

MATCH, SLOW. 

Siow match is prepared from slightly-twisted hemp rope, which is 
dipped in a solution of lime water, and saltpetre. 

One yard bums about three hours. One skein, 35 yards, weighs 
seven pounds. 

During the Siege of Gibraltar, Slow match was thus made : — Eight 
ounces of saltpetre were put in a gallon of water, and just made to 
boil over a slow fire, strong blue paper was then wetted with the 
liquor, and hung to diy. When dry, each sheet was divided into two 
parts, which were rolled up tight, and the outward edges pasted down. 
Each half sheet would bum three hours. 

D'ench slow match is made by soaking light twisted white rope in a 
solution of one pint of rain water, and three quarters of an ounce of 
sugar of lead. 

PARACHUTE, LIGHT BALL (bOXER's). 

This light ball consists of a paper shell, enclosing two tin hemi- 
spheres, one containing the composition, the other the parachute. The 
shell is fired from a mortar, having a fuze, fixed in the usual manner, 
which communicates with the bursting powder, opens the shell, and 
lights the composition in the hemisphere attached to the parachute, 
which, suspended in the air, renders conspicuous the objects required 
to be illuminated. 

Composition, 

lb. oz. 
Saltpetre, ground .•••70 
Sulphur, sublimated • . . 1 12 
Red orpiment ..•.•08 

PENDULUMS. 

•11^ ^Ti?^'°"" ^® readily made with a musket ball, and a piece of 
?"„• ^^6 length of a Pendulum is measured from the centie of the 
''a" to the end of the loop on which it swings. 



92 PENDULUMS. PORTFIRES, [PART V. 

(Seconds • • 39 * 14 inches 
^ Seconds • . 9' 8 „ 
i Seconds • ^ 2*45 „ 

To find the length of a pendtjUum to make a given number of 
v^rations. 

Etde. — As the square of the given number of vibrations is to the 
square of 60, so is the length of the standard (39 •14, length for one 
second) to the length sought. 

Or, multiply 39*14 by the square of the time required for the 
Pendulum to vibrate — ^viz., by the square of J = J, for | second ; and 
by the square of 2 = 4 for two seconds. 

To find the number of vibrationSf the length of pendulum being 
given. 

Rule, — Multiply 60 seconds by the square root of 39*14, divided 
by the length of the given pendulum. 

Or say. As the given length is to the standard length, so is the 
square of 60 (its vibrations per minute) to the square of the number 
required. 

PORTFIRES. 

Portfires are of four different natures — viz.. Common portfires, 
Percussion portfires, Miners' portfires, and Slow portfires. 

A common portfire is 16 inches long, and will bum 13 minutes. 

Compo^tion, 

lb. 
Brimstone, sublimed . . • • • 2 
Powder, cylinder mealed • • • • 1 
Saltpetre, pulverized . • • • • 6 

PORTFraES, PERCUSSION. 

Composition, 

Brimstone, sublimed 4 

Powder, cylinder mealed • • • . 1 
Saltpetre, pulverized . • • • . 8 

The percussion priming is added to these portfires at the stations 
where they are used (principally for the Coast Guard), and is simply 
a small glass globule, containing sulphuric acid. This is embedded in 
loose composition, which ignites on the globule being broken. A per- 
cussion portfire will bum 5 minutes. 

PORTFIRES, miners'. 

Composition, 

lb. oz. 
Saltpetre, pulverized •..•08 
Sulphur, sublimed ••••08 
Powder, cylinder mealed . • • 1 
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PORTFIRES, SLOW, 

The paper, which is called blue sugar-loaf paper, is wetted hj dis- 
solTing 12 ounces of saltpetre in one gialloh of water, wetting each 
sheet separately on both sides with a brush, one side being dried before 
the other is made wet. 

Slow portfires bom from three to four hours. 

Portfires were made during the Siege of Gibraltar in the following 
manner : Two ounces of nitre were dissolved in a gallon of water, 
and sheets of soft brown paper dipped in the solution ; these, when 
dry, were rolled up to about the size of common portfires. 

■Forces may he made by boiling square rods of lime, birch, or 
poplar, in a solution of nitrate of lead for six hours (a quart of water 
to every pound of the nitrate) ; the matches are then dried, and after- 
wards boiled in spirits of turpentine ; they are then wiped, and dried. 
A yard of this match will bum three hours. 

PORTFIRES, COAST GUARD. 

Composition, 
Saltpetre 8 lb. Sulphur 4 lb. Cylinder mealed powder 1 lb. 

QUOINS. 



Nature. 


Length. 


Width. 


Thickness. 




it. in. 


Inches. 


inches. 


42 Pr. 


2 3 


10*75 


6«75 


32 „ 


2 3 . 


10*75 


6-75 


24 „ 


2 9 


9-5 


6-75 


18 „ 


2 9 


9-5 


6-75 


12 „ 


1 11 


9-25 


6*25 


9 » 


1 11 


9-15 


6« 




ROCKETS. 





There are two descriptions of Rockets : — 
1st. — Signal Bookets, ,2nd. — Congreve Rockets, (Fidfe Part VII.) 

SIGNAL ROCKETS. 

Signal rockets are of two natures — ^viz., 1 lb. and J lb. Rockets. 
They are fired from a tube, the ignition being elTected by means of a 
percussion tube. 

Con^position, 

lb. 

Saltpetre, pulverized 4 

Sulphur, sublimed ...••• 1 
Dog-wood charcoal • 1^ 
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SHELLS. 



[part V. 



lb. 

3 oz. 8 drs. 
1 quart. 



Composition for Stars of Rockets, 

lb. 

Saltpetre, pulverized ... 8 Sulphur, sublimed 

Antimony, pounded ... 2 Isinglass . 

Cylinder mealed powder . . 1 Vin^ar , 

Spirits of Wine . , 1 pint. 

The head of a 1 lb. rocket contains 36 stars, and that of the ^ lb. 
rocket 24 stars. 

SUELIJ5. 

Shells are hollow iron Shot, and are of various descriptions, viz. : — 

1st. — The Common shell, with one fuze hole, used in the attack, and 
defence of fortresses, &c., against shipping, and troops. 

2nd. — The Carcass, which has three fuze holes, is filled with burn- 
ing composition, and is used to set fire to towns, &c. 

3rd. — The Shrapnel shell, which is very destructive when used 
against bodies of Cavalry, or In^Eintry, as it produces the same effect 
as common Case or Canister shot from guns, or howitzers, but at a 
much greater range.* 

Diameter, and thickness of each Shell in the Service, 



NatnrA of $%a1L 


Mean 


Mean 


Bursting 




• 


Diameter. 


Thidmess. 


Powder. 






inches. 


inches. 


lb. oz. dr. 




r 13 Inch . . . 


12-84 


2-146 


10 


Mortar • 


10 „ ... 


9-85 


1-646 


5 8 




I 8 „ ... 


7'86 


1-39 


2 4 




/ 10 Inch . . . 


9-85 


1-646 


5 8 




8 „ and68Pr. 


7-86 


1-39 


2 4 


Common 


32 Pr 


6-177 


1-034 


1 


24 „ or 5j^ Inch 


5-595 


0-936 


13 




lo )) * • • • 


5-099 


0-803 


10 




^ 12 „ or 4? Inch 


4-454 


0-746 


6 




10 Inch . . . 


9-85 


1-35 


5 8 


Naval . 


8 „ ... 


7-925 


1-35 


2 4 




32 Pr. ... 


6-177 


1-034 


1 




f 8 Inch . . . 


7-86 


0-82 


4 3 




32 Pr. . . . 


6-177 


0-64 


2 8 


Improved 
Shrapnel 


24 „ ... 

lo ,, ... 

12 „ ... 


5-595 
5-099 
4-454 


0-58 
0-53 
0-447 


1 9i 
1 8 
1 OJ 




9 „ ... 


4-08 


0-41 


14 




> 6 „ ... 


3-55 


0-356 


Oi 



* Yide Practice Tables for Ranges, Elevations. Sec. 
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All shells are now issued with a metal plug, fitted into the iiize 
hole. 

SHOT, CASE OR CANISTER. 

The common Case or Canister shot consists of a number of balls 
packed in tin canisters of a cylindrical form: the balls being of 
different weights according to the size of the gun. For field service 
the balls are counted into the case, and laid in tiers, but for other 
purposes they are loosely thrown in till the case is filled. The top 
being soldered on, the bottom of the tin case is nailed on to the 
wooden bottom, and the heads of the nails are soldered. These shot 
should seldom be used at a greater distance than 800 yards, and even 
at that range they scatter so much as to be nearly unserviceable ; but 
at fi'om 100 to 200 yards they are very destructive. 



SHOT — CAHISTEB, QBAPE. 

CoHuON Case, and Grape Shot. 
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] 


STOOL 


BEDS. TQBES, ETC. 
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I 


STOOL BEDS. 








NATURE. 






BEDS. 




BLOCKS. 




Length. 


Breadth. 


Thickness. 


Length. 


Breadth. 


Depth 




a 


in. 


in. 


ft In. 


in. 


in. 


42 Pr. 


2-91 


11 


4-5 


1 5 


4-75 


9 


32 „ 


2-91 


10 


4-25 


1 5 


4-75 


9 


24 „ 


2-83 


10 


4-25 


1 4 


4-5 


8 


18 „ 


2-85 


9-5 


4-25 


1 3 


4-5 


8 


12 „ 


2-85 


9-5 


4 


1 3 


4-5 


8 



>» 



2-85 9-5 4 11 4-5 8 

TUBES. 

Tubes are of five different natures — yiz,, Common quill, and Dutch 
or Paper tubes for exercise, and Detonating quill, and Brass tubes ; and 
Friction tubes for service. 

The pipes for the Quill tubes are 2^ inches long ; and the barrels of 
Dutch tubes are 1 J inch in length. Brass tubes, commonf are 3 inches 
long. 

All tubes are gauged to two-tenths of an inch diameter. 

Composition for Common tubes. 
Mealed powder, mixed with spirits of wine into a stiff paste. 

DETONATING TUBES. 

The quills of these tubes are cut to 2 J inches in length. Small, or 
pigeon quills, are also prepared for the arms to receive the detonating 
composition ; these are cut to f of an inch in length ; and a small 
hole is bored in the centre to communicate the composition to the 
body of the tube. 

• Composition for the Crosses, or Arms, of Detonating tubes. 

Chlorate of potassa . . . 230 grains. 

Antimony 230 ,, 

Glass, finely pounded . . • 73 „ 



FRICTION TUBES. 

These tubes are of copper, and are three inches in length. The 
detonating composition is inserted in a tin arm, into which is intro> 
duoed and pressed do¥ni tight, by the sides of the arm, a piece of 
copper, grooved ; with a small ring to receive the cord for firing the 
tube, and gun. 

WADMILTILT. 

Length, 14 ft. 6 in. Breadth, 11 ft. 6 in. Weight, 50 lb. 

WOODEN BOTTOMS, OR SABOTS. 

They are riveted to shot for brass guns, to prevent the. bore 
being indented in front of the shot by tlie first impulse of the powder: 
and to Shells, to keep the fuze in the centre of the bore. 
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PAET VI. 

CARBINE EXERCISE, 
for the Royal Regiment of Artillery. 

MANUAL EXERCISE. 

♦ "Attention. Present arms — Two— Three. Advance arms — Two. 
Order arms — Two— Three. Advance arms — Two. Support arms. 
Stand at ease. Attention. Advance aims — Two. Trail arms — Two. 
Advance arms — ^Two. Order arms — ^Two— Three. Stand at ease." 

To fix, and imfix Swords. 

♦ ** Attention. Fix swords. Advance arms — Two. Chaise swords. 
Advance arms — Two. Order arms — Two — Three. Unfix swords. 
Stand at ease." 

THE PLATOON EXERCISE, 
AND DIFFERENT FIRINGS FOR THE RIFLE CARBINE. 

To load, and fire Standing, and Kneeling, 

♦ ** Platoon exercise by motions. From Advanced Arms, Prepare 
to load — Standing. {Kneehny — Two.) Load — ^Two — Three — Four 
— Five. Rod — ^Two, Home — ^Two— Three — ^Four. Return — Two. 
Cap— Two— Three— Four— Five— Six.*' 

♦ " At yards, Ready. From the Capping position (Standing — ) 

{Kneeling, Two.) From Advanced arms (Standing — ^Two.) 

(Kneeling — Two — ^Three.) Present — Two — Three — Four — Five. 
Load.' 
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FROM THE CAPPING POSITION. 

Standing, Kneeling, 

♦ ** Advance arms — Two, Order arms." 

REVIEW EXERCISE. 

♦ ** Platoon exercise in Slow time. 

Prepare to load, in 2 motions. Load, in 5 motions. Rod, in 2 
motions. Home, in 4 motions. Return, in 2 motions. Cap, in 6 

motions. Fire a volley, at yards. Ready, in 1 motion. Present, 

in 5 motions,** 

** In Quick time. Load. Advance arms. 

Company (Right wing, or Battalion) Fire a volley. At yards, 

Ready. Present. Cease firing. Half-cock arms.'* 



»» 



* Wordt qf command, Roman. JriMtructions, ±c., ItaUct. 
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When a Company, Column, or Line is required to had, 

* " With cartridge, (or Aa with cartridge) Load, &c,** 

INDEPENDENT, OB FILE FIRING. 

* *' File firing from the Right (or Left, or from both flanks) of Com- 
panies. Commence firing. Cease firing," 

EXEKCISE TO BECEIVE CAYALRT. 

* *' Prepare to resist Cavalry. Ready. Commence firing from the 
Right (or Left, or from both fianks) of Faces. Cease firing. Kneel- 
ing ranks (or front Face, as the case may require). Fire a yoUey. 
At yards. Ready. Present. Load.'' 



** 



MODE OF INSPECTING A COMPANY. 

* ** Doable distance. Rear rank take open order. March. Port 
arms. Half cock arms. Ease springs. Examine arms. Advance 
arms. The inspection of appointments, clothing, &c,, next takes 
place. Rear rank take close order. March. Support arms. Stand 
at ease." 

SLINGING ASMS. 

♦ *< Prepare to sling to the Right. Sling — Two. Advcmoe arms — 
Two. Prepare to sling to the Left, Sling — Two. Advance arms- 
Two. 

TO FIRE A FEU-DE-JOIE. 

♦"With (Blank cartridge. Load. Present — Present — Present 
Present arms. Advance arms. Three cheers,** 



FUNERAL EXERCISE. 

The firing party is dravm up ttoo deep, loith open ranks, facing the 
place where the Corpse is lodged: and, when it is brought out, the 
officer commanding will give the words — 

* "Present arms. Reverse arms. Rear rank take close order. 
March." 

At the burial ground ; " Rest on your arms Reversed. Stand at 
ease." The Corpse having passed through; "Reverse arms." J%« 
ranks are closed, and the Firing party move to the grave, where they 
take up their position at Open order. *' Rest on your arms Reversed. 
Stand at ease. Attention. Present armsv Advance arms. Load." 
Three volleys are fired in the air ; after the third volley, half cock 
arms, take off the old cap, and ease springs. Advance arms, and 
return to quarters, right in front, in quick time. 
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FIELD BATTERY EXERCISE.* 

STANDING DRILL. 

Section 1. Telling off the Detachments. \ 
Section 2. Posts of the Detachment, 

Art, 1. — In Action, 

No. 1. At the handspike. 

Nos. 2, 3. Outside the wheels : with Howitzers rather in rear 

of the muzzle ; with Guns in line with the front of 

the wheels. 
Nos, 4, 5. In line with the breech. 
No. 6. Five y'ards in rear of the left wheel. 
No. 7. In rear of the Limber. 
No. 8. Ten yards in rear of No. 6. 
No. 9. Four yards in rear of the Lhnber. 

Art, 2. — In Order of March. 

No. 1. On the off side at the wheel horses' heads. 

Nos. 2, 3. In line with the muzzle. 

Nos, 4, 5. In line with the breech. 

Nos. 6, 7. In line with the axletree of the Limber. 

Nos. 8, 9. In line with the splinter bar. 

Art. 3. — In lyont. 
In line, ten yards in iVont of the leading horses. 

Art, 4. — In Rear, 

In line, two yards in rear of the muzzle of the Gun. 

Art, 5. — In line with the gun axletree, one yard to the right, or left 
of the wheel. 

Art, 6. — Mounted. 

No. 1. On the right. ) /^ ^v n v . 
.6. On the left. } On the Gun limber. 



No 
No 
No 



; 4! ^ Se Teft!** } ^^ ^^ ^^S^^ ^^^^- 



* EJxtracted from *' InstmctionB and Regnlations for Field Battery Exercise 
and Movements" for the Royal Regiment of Artillery: the Sections, &c^ being 
similarly numbered. 

Commander's Words are printed in . . Small capitals. 

Execative Common tyi>e. 

Directions, &c Italia. 

f The Sections, of which merely the heads are given, consist chiefly of details 
too long for the limited size of the Manual, and they are therefore necessarily 
omitted. 
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• No! I: On tte H^ } »» «>« A™"* "^ '^ ^»8g»'' '^y- 
n'oIs: oStli''} On the rear of the Waggon body. 
When there are 9 men, No. 9 between Nos. 5, and 4. 
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Section 3. Change of Position of Detachments, 

1. Form the obdek of March. 

2. Form THE ORDER OF March. 

3. Detachments rear. 



4. Detachments front. 

5. Detachments right. 



6. Detachments REAR. 

7. Detachments front. 



Nos. 1. Right &oe. Double 

march. 
Nos. 1. Left face. Double 

march. 
Nos, 1. Right about &ce. Double 

march. Halt. Front. 
Nos. 1. Double march. Halt. 
Nos. 1. Right (or left) face. 

Double march. Front turn. 

Halt. 
Nos, 1, Right about face. Double 

march. Halt, front. 
Nos, 1. Double march. Halt. 

Front. 



Section 4. Detail of Duties in the service of Ordnance, 

No. 1 Commands, and lays the Gun. 

No. 2 Sponges. 

No. 3 Loads, and serves ammunition. 

No. 4 Serves the yent, and primes. After the discharge he clears 

the vent with the drift, previous to reloading. 
No. 6 Fires.* 
No. 6 Serves ammunition. 

No. 7 Attends the Limber, and serves ammunition to No, 8. 
No. 8 Assists No. 7. 
No. 9 Attends the ammunition Waggon. 



CHANGING ROUND, 



No. 2 becomes No. 4. 
No. 4 „ No. 9. 



No. 9 
No. 7 






No. 7. 
No. 8. 



No. 8 becomes No. 6. 
No. 6 „ No. 1. 
No. 1 „ No. 5. 
No. 5 „ No. 3. 
No. 3 „ No. 2. 



» 



* When Guns are In action, and " crase Fismo " is given, all Guns then 
loaded are to be fired ofiF, and on no account is a Gun to be limbered up, or to 
move whilst loaded. 
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BM.B«UlnecL 


I«*^Uo«of.».«. 1 




1 


a 


3 


i 


S 


6 


7 


8 


1 a 




B 

3 
2 

a 


3,6 

3 


4,S 

4 

4 


5 
5 
S 
5 


6 
6 

6 


7 


a 


1,2,3 ... . 
l,a,3, 1. . . . 
1, 2,3,*,5 . . . 

i;2;3;4;5,6 . . 

1, 2, 3, 4, 5, 6, 7 . 
i; a, 3,*; 5; 6, 7,8. 


■^5, 



DISTANCES RBqniRED, 

/br a IbJd battery of Six giJH$. 
4 hones to each carriage — 6 horMa t 






In Line, from roaizle to motile 
In Column of Route .... 

„ Snb-dtTisions . . 87 „ 110 

„ IMTiaioas . . , 87 „ 106 

„ Ha]f-lBtt«7 . . 72 „ 83 

A Gnu, or Waggon, witli 4 Honei coren 11 yardi of ground, 
from front to nar. 
For ererf additional pdr of Horses 4 jardi ahould be added. 
A Battdj of 6 Gnns, when limbered up at fall interrals, without 
(pue carriagn, occupies from 

Right to left ... 95 yards | Front to rear. . . 34 yards. 
On each flank, 22 additional yards shonld be allowed. 
A battery of 6 Guns, when uolimbered for Actiou, at foil interrals. 



«left. 



. 85 yards ] Front to rear. . . 45 yards. 



Right to 

The space required for rerersing a Gnn with 8 hoises is 1 
and for a Wa^on about 8 yards. 



A Block, or Trail. 


a Felly, 


B Cheeks, or Brackets. 


H Spokes. 


C Ailetree. 




D Ogee. 


J Tire, or Streak. 


E Tnmnion Iwlea. 


K RiFOta. 
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a Eye, or Capsquare bolts. 


n Locking chain. 


b Capsquares. 


Breast, or advancing chain. 


c Axletj'ee bands. 


p Trail handles. 


d Bracket bolts. 


q Handspike shoe. 


e Transom bolts. 


r Handspike pin. 


f Trunnion plates. 


s Handspike ring. 


g Portfire clipper. 


t Axletree arms. 


h Locking plate. 


u Dragwashers. 


i Trail plate bolt. 


V Nave hoops. 


k Trail plate. 


w Elevating screw. 


1 Trail plate eye. 


X Handles of elevating screw. 


m Chain eye bolt. 


y Elevating screw box. 



Section 5. Method of performing the duties of serving ordnance. 

Section 6. Ranges, 

Section 7. Method of laying a piece of ordnance. 

Section 8. Limbering up. 

Front (rear, right, or left) limber up. I Halt : Limber 

I up- 
Section 9. Unlimbering, or coming into action. 

To the front, rear, right or left. The reverse of limbering up. 

Section 10. Moving with the Frolonge. 

Prepabe to retreat with the prolongs. 
The battery will retire. 
Halt. 
Unhook Prolonge. 



Ms, 1 
Right about 

face. 
Front. 



Prepare to advance with the prolonge. j Nos, 3 

Action. | Drive on. 

Section 11. Mounting field ordnance, with the materials belonging 
to the battery. 

Section 12. Dismounting field ordnance, with the materials belong- 
ing to the battery. 

Section 13. Shifting shafts. 

Section 14. Disengaging a shaft horse, when he fidls, or is disabled 
in action. 

Section 15. Changing wheels, when the lifting jack is not at hand. 

Section 16. Shifting the medium 12 pounder. 

Section 17. To remove disabled field artillery. 

Section 18. Exercise with Drag-ropes. 

1. A light 6 pounder with its limber requires 15 men, six of whom 
are told off entirely for the drag-ropes, the other men at the gun also 
assisting in manning them : No. 9 is always in the shafts, and No. 8 
at the point of the shaft, near side. A 9 pounder requires additional 
men, and a double set of drag-ropes. 

2. The drag-rope men are numbered off fix)m 10 upward. Nos. 
10, 12, 14, are with the left drag-rope; 11, 13, 15, with the right; 
10, 11, carry the drag-ropes. 



1 04 FORMATION OF A BATTERY. [PART VI. 

3. The gun being limbered up, and the detachment and drag- 
rope men in the order of march, at the word " Hook on," Nos. 8 
and 9 get into their places; 10, and 11 move outside the gun detach- 
ments to the rear, and hook on to the gun drag-washers, passing the 
end of the drag-ropes at once to the front. 

The Nos. then man the drag-ropes as follows : — Nos. 10, and 11 
outside, close to the drag-washer ; 2, 12, 3, and 13 the centre of the 
drag-rope; 4, 14, 5, and 15 the front; 6, and 7 the ends. The gun 
detachments inside, and the drag-rope men outside. No. 1 at the 
point of the shafts, off-side. At the word " Unhook,'* Nos. 10, and 
1 1 unhook, coil up the drag-ropes ; and the whole then form the order 
of march. 

4. At the word "Action," whether to the "front,** "rear,' 
" RIGHT," or ** LEFT," the drag-ropes are at once quitted ; Nos. 10, 
and 11 unhook, and coil them up; and the whole of the drag-rope 
men retire with the limber, formii^ in front of it two deep, as they 
were numbered off. In limbering up, the drag-rope men form the 
order of march, and wait for the word to hook on. 



FORMATION OF A BATTERY. 

A battery of Artillery is generally composed of six pieces of 
ordnance, to which a Company of Artillery is attached. The number 
of ammunition, forge, and store waggons varies according to the nature 
of the ordnance. 
Section 19. Fitting of saddles^ bridles, harness, ^c. 
Section 20. Harnessing, 
Secti(m2l, Carrying forage. 
Section 22. Instruction for Drivers, 
Section 23. Parade, and inspection. 

The Batteiy, limbered up, is told off by sub-divisions, divisions, and 
half batteries. 

One gun and its waggon constitute a sub-division. 
Two sub-divisions „ a division. 

Three sub-divisions „ a half battery. 

The battery is numbered from right to left by sub-divisions. It is 
then told off into three divisions. No. 1 the right ; No. 2 tJie centre ; 
No. 3 the left. Sub-divisions Nos. 1, 3, and 5 are also distinguished 
as right sub -divisions of divisions ; and Nos. 2, 4, and 6 the left ; the 
two centre sub-divisions are also to be named. It is also told off into 
half batteries, and these are distinguished by right, centre, and left 
sub-divisions of half batteries. The gun of direction should always 
be named. A flank gun is generally named with a battery of four 
guns, and the right centre gun with a battery of six guns. 

Spare cai'riages, with the battery, form a third, and, if necessary, a 
fourth line, in rear. 

Section 24. Posts, and duties of Officers, and mounted Non-com- 
missioned officers, &€,, at exercise. 
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Second Captain, 

In line, limbered up. — One horse's length m rear of the centre. 

In column. — Two horses' length from the centre on the reverse 
flank. 

In action* — He assists the Captain in general superintendence. 

He dresses all points of formation, gives the word " Steady" when 
they have been correctly taken up, and the formation completed. 
When required he commands a division. 

Subalterns, 

In line, limbered up, — ^The senior on the right of the right division ; 
the second on the left of the lefl division ; the junior on the right of 
the centre division. 

In column of route, — On the pivot flanks of their leading sub- 
divisions. 

In column of divisions. — On the pivot flanks of their respective 
divisions. 

In column of half batteries. — ^The subaltern of the centre division, 
on the pivot flank of the leading half battery. The others continue 
on the same flank of their sub-divisions as when in line. 

In action. — Between the guns of their divisions, a little in i*ear. 

They command the divisions to which they are attached, dressing 
in line with, and close to the leaders, and always with the guns. 

In shifting from one flank to the other,— -It is always along the 
front, and at a canter ; and in joining the new sub-division, the officer 
always turns his horse's head inwai'ds. 

Staff Serjeants. 

In line, limbered up. — ^The senior on the right of the marker of the 
right division. The junior on the left of the marker of the left 
division. 

In column of route. — One on the reverse flank of the leading gun ; 
the other on the pivot flank of the rear carriage. 

In column of divisions, — One between the guns of the leading, the 
other between the guns of the rear division. 

In column of half batteries, — On the reverse flank of the waggons 
of each half battery. 

They take up points in changes of position. In line formations, 
10 yards from the flank sub-divisions ; in column formations, 10 yards 
in ft'ont, and rear. They dress the markers when there is no staff- 
officer ; and the limbers, and waggons in action. 

Markers, 

In line, limbered up, — In line with the leaders of the waggons, and 
covering their officers. 

In column of route, — ^With their leading waggons covering their 
officers. (Without waggons, covering their officers, and in line with 
the centre horses of the gun.) 

In column of divisions, and half batteries, — They cover their 
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officers. (Without waggons, on the reverse flank of their divi- 
sions.) 

In action. — ^Those of the right, and centre divisions on the right 
of the leaders of the limbers of their right sub-divisions. The marker 
of the left division, on the lefb of the leaders of the limber of the left 
sub-division. 

They take up points in changes of position ; in line formations, for 
the sub-division nearest the one of formation ; in column formations, 
for the pivot sub-division. 

Farriers f and Artificers. 

The farrier is generally attached to the forge ; but when the bat- 
tery is limbered up he is in the centre, in rear of the second captain. 
The other artificers are told o£f in the gun detachments when not 
mounted. 

Trumpeters. 

In line^ limbered up, — On the right of the battery, in line with it, 
one horse's length distant. 

In column, — One horse's length in front. 

During numoniores.— One with the commander ; the other in rear 
of the battery. 



MANCETTVRES OF A BATTERY OF SIX PIECES. 
Section 25, Battery in line. 



The officer^ and marker of the sub- 
division of direction take up points. 



1. To advance, 

•The battery will 
ADVANCE — March. 

2. To retire. 
Right (or left) re- 
verse — March. 

3. To come into action. 

Action front. | Senior staff-serjeants, — ^Left reverse. 

4. To diminish (or increase) intervals on the march. 

To dimmish, Nos, 1. Right (or left) half turn— Trot 

— ^Front turn — Walk (except No. 1 of the 
named sub-division). 



Half, or quarter, in- 
tervals ON— sub-di- 
vision. 

To increase. 
Full intervals on — 
sub-division. 



Nos, 1. Left (or right) half turn— Trot 
— Front turn — Walk (except No. 1 of the 
named sub-division). 



* The GommaDding ofBoer's Word of command is always to be repeated by 
IbeofficeTB. 
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RlOHT (OB left) take 
GBOXJND— 

Mabch. 

6. lb make a half turn on the march. 
Right (ob left) half I 
TUEN — Mabch. I 



The officers shift to the pivot flank of 
what will become their leading sub-divi- 
sions. 



1, To form Column of divisions in rear of a flank. 

Centre division — Right reverse — March 
— ^By the left — Left take ground — Left 
take ground — Halt-^Dress. 

Left division — Right reverse — ^March — 
By the left^-Left half turn— Left half 
turn — ^Left take ground — Halt — Dress. 

Centre division — Left reverse — March- 
By the right — Right take ground — Right 
take ground — ^Halt — Dress. 

Bight division — Left reverse — March — 
By the right— Right half turn— Right half 
turn — Right take ground — ^Halt — Dress, 

8. To form Column of divisions in front of a flank. 

Centre division — Forward — March — 

Left take ground — ^Waggons close intervals 
— Right take ground — Halt — ^Dress. 

Hight division — Forward — March — ^Left 
half turn — Left half turn — ^Waggons close 
intervals — Right take ground — Halt- 
Dress. 

Centre division — Forward — March — 
Right take ground — Waggons close inter- 
vals — Left take ground — Halt — ^Dress. 

Left division — Forward — March — 
Right half turn — Right half turn — ^Wag- 
gons close inteiTals — Left take ground- 
Halt — Dress. 

9. To form Column of divisions on the centre division. 

This manoeuvre i^ a combination of Nos. 7 and 8. 

10. To change front to the rear. 

First method. By a countermarch. 



FOBM COLUMN OF DIYI- 
SIONS IN BEAB OF THE 
BIGHT. 

Mabch, 

fobm colxtmn of divi- 
sions in beab of the 

LEFT. 

Mabch. 



FOBM COLUMN OF DIVI- 
SIONS IN FEONT OF 
THE LEFT^ 

Mabch. 



FOBM COLUMN OF DIVI- 
SIONS IN FBONT OF 
THE BIGHT— 

Mabch. 



The battebt will 
change feont to 
the beab. guns 
bight^Waggons left 
take geound — 
Mabch. 

Right countebmaech 
— Feont tuen — 
Halt — ^Deess. 



The officers shift to the pivot flank of 
their leading guns — viz,, to the left of 1, 3, 
and 5 guns. 
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Second method. On the centre. 



Change front to the 
bear on the centre 
— March. 



Centre diviston — Sub-divisions inwards 
about wheel — March — Halt — Dress. 

Eight division — March — Left wheel — 
Left wheel — Halt — Dress, 

Left division — March — Right wheel — 
Right wheel — Halt — ^Dress. 

Third method. When at diminished intervals ; on the march. 
The battery will 

CHANGE front ffO 
the rear; on THE 

CENTRE. Left half 
battery — halt. 
Half batteries in- 
wards ABOUT WHEEL 

— Forward. 

11. To change front to a flank. 

First method. Eight (or left) back, on a flank sub-division, 

Nos, 1. 

6, Left wheel — Left about wheel — Halt — 

Dress. 
5. 
4. 
3. 
2. 
1. 
Nos, 1. 

1. Right wheel — Right about wheel — Halt 
— Dress. 

2. \ Left reverse. 

3. I Right shoulders. 

4. > Left reverse. 

5. I Halt. 

6. J Dress, 
For Action, 

Change front to the right, on No. 6^ 
FOR ACTION. March, (or change 

front to the LEFT ON No. 1, FOR 

ACTION. March.) 



Change front to the 
right on No. 6. 
March. 



Right reverse. 
Left shoulders. 
Right reverse. 
H^t— Dress. 



Change front to the 
LEFT ON No. 1. 
March. 



The named si^Hiivision 
comes into action in the 
new direction ; the others 
proceed as before, and 
come into action to the 



rear. 

Second method. Eight (or left) forvoardy on a flank sub-division, 

Nos, 1. 



Change front to the 

LEFT ON No, 6, 

March. 



6. Right wheel — Right about wheel — Halt 
— Dreaa. 
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N08, 

5. 

4. 
3. 
2. 
1. 



Right shoulders. 
Halt — Dress. 



Change front to the 
RIGHT ON No. 1 — 
March. 



Left shoulders. 

Halt. 

Dress. 



The named svh-dimsvm comes 
into action in the new direction ; 
the others proceed as before, and 
come into action to the front. 



Kos. 1. 

1. Left wheel — Left about wheel — ^Halt — 

Dress, 
2. 
3. 
4. 
5. 
6. 
For Action. 

Chan^ge front to the right 

ON No. 1 FOR ACTION — 

March — (or Change front 

TO the left on No. 6, FOR 

action — March). 

Third method. To the right (or left) on a central sub-division, one 
flank thrown forward, the other back. This is a combination of the 
First, and Sedond methods. 

Note. — A battery may change »Y5 /ronf, Half right, or Half left, on 
the same principle as already detailed. The commanding officei-'s 
word would be " Change front. Half right (or half left) on 
— Sub-division." 

These manoeuvres can be executed on the same principle, by divi- 
sions, or half batteries. 

A Battery can also change front on a moveable pivot, by a simple wheel. 

12. 7b advance from a flank, in column. 
Advance from the 
right, in column 
of divisions — 
March. 



Bight division. Forward by the left. 
March. 

Right take ground. 



Centre, and left 
divisions . . • 



Nos. 1. 

2 

4 



March — Left 
ground. 



take 



Advance from the 
left, in column 
of divisions — 
March. 



> Waggon right. Waggon rear. 

Left division • 

right 



Centre, and 
divisions . 



Nos. 1. 

5. 1 Waggon left. 

3. ) Waggon lear. 



Forward by the right 

— March. 
Left take ground — 

March. 
Right take ground. 



no 
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13. lb advance from the centre, in double column of sub-divisions. 



Advance from the 
centre in a double 
column of sub-divi- 
SIONS — Mabch. 



Centre division — Forward. — Trot — 
March. 

Bight division — Lett take ground — 
March. 

Left division — Right take ground — 
Mardi. 
Nos. 1. 



2. 
1. 
5. 
6. 



-Trot. 



Right take ground- 
Right take ground. 
Left take ground — Trot. 
J Left take ground. 

14. 7b move from a flank along the front in a column of divisions. 
Move from the right, Forward — March. 

ALONG the front, Left wheel. 

IN COLUMN OF DIVI- 
SIONS. March. 

Note, — To advance from the left, along the front, is done in the 
same manner. 

15. 2b advance from a flank, m echellon of subdivisions. 
Advance from the 

RIGHT, IN echellon 
of SUB-DIVISIONS — 

March. 

Advancing from the Left is done on the same principle. 

Note. — A Battery in echellon of Sub-divisions, if required to change 
its front when in action, can do so at the word " Action left " (OR 
right), by merely throwing the trails round, and bringing the guns 
into the new direction, the limbers, and waggons forming in rear of 
their guns. 

16. To advance from a flank in echellon of divisions. 



Advance from the 
right ; IN echellon 
of divisions — 
March. 



The right division advances, the centre 
moves off in succession, when at its wheel- 
ing distance, m rear of the leading one. 
The left division follows in the same man- 
ner. 

Advancing from the Left is done on the same principle. 

Note. — A Battery in echellon of Divisions, if required to change its 
£i*ont when in action, does so as follows : — 



Change front to the 
left, on the left 



GUNS OF 

March. 



DIVISIONS — 



Nos, 1. 
2. 



4. 
6. 
1. 
3. 
5. 



) 
1 



Action left. 

Front limber up. 
Left wheel—Halt. 
Action front. 
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An echellon of Half batteries is formed in the same manner as that 
of divisions ; the rear half battery must, however, keep its wheeling 
distance from the leading one. When in action, if the front is to be 
changed, it is better to do it on a centre gun. 

Betirements in echellon, are done on the same principle as the 
advance, 

17. To retire from a flank in column, 
Fbrat method. 



KiGHT DIVISION TO THE 
BEAB — MaBCH. 



Retire from the 
rioht in column of 
DIVISIONS — March. 



Right division — Sub-divisions inwards 
about wheel — March. 

Centre, and left divisions — ^Forward — 
March — Right wheel — Right wheel. 

lb retire with the Left division is done on the same principle. 
Second method. 

Right division — Right reverse — March* 

Centre, and left I ^" ^^'p'JTfT' 
divisions . . March-Right take 

\ ground. 
Nos. 1. 
2. ) Gun left. 
4. j Gun rear. 

18. To retire from the centre in a double column of sub-divisions. 
In order to perform this mancBuvre, the battery should be reversed, 

and then (with waggons leading) it is performed in the same manner 
as the advance from the centre, in a double column. 

19. To retire from a flank by alternate Half batteries, in action. 
When a battery in line, in action, is ordered to retire from a flank 

by alternate Half batteries, the named half battery at once limbers up 
to the rear, retires to its distance in echellon, and comes into action. 
As soon as this half battery is in action, the other limbers up to the 
rear, retires, passes the half battery in action, and so on. The senior 
officer of each half battery gives the word of command. 

Note. — ^This mancBuvre would generally be practised with the 
prolonge. 

20. To break into column to a flank. 



Break into column of 
divisions to the 
RIGHT. March. 



Nos. 1. 
1. 



3. 
5. 

2. 
4. 
6. 



Right take ground. 
Guns front. 



Right wheel. 



Breaking into Column to the Left can be done on the same prin- 
ciple. 

A Column of Half batteries can be formed in the same manner ; the 
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pirot sub-diyisions wheeling as before, but the others, after taking 
ground, most incline away to gain their required intervals. 

Note, — This moyement would generally be employed in breaking 
into column from line, to march past with other troops ; and with 
half batteries it would be done at reduced inteiTals. 

21. To increase, and diminish the front. 

First method. 

From Column ofroutef to form Cottmm of divisions, on the march. 

Column, right in front. 

Di- Nos. 1. 
2.1 

4, > Left half turn — Trot. Front turn. 
6.) 

Right division — Forward by the left. 
Centre, and fo/f) Forward by the left. 
divisions. /Trot — Walk 



Form column op 

VISIONS. 



Column, left in front. 

Form column op di- 
visions. 



Right half turn— Trot. 
Front turn. 



Nos. 1. 
5. 
3. 
1. 

Left division — Forward by the right. 
Centre, and righfi Forward by the right — 
divisions. } Trot. Walk. 

Second method. 

From Column of route, to form Column of divisions, in succession. 

Column, right in front, 

Nos. 1. 



In succession form 

COLUMN OF divisions. 



^•1 

3. ► 



3 

5. 

2. 

4. 

6 



:i 



Halt. 

Left half turn. 
Front turn. 
Halt — Dress, 



Column, left in front. 
In succession form 
column of divisions. 



Nos, 1. 
6. 



4. 
2. 
5. 



Halt. 



Right half turn. 
Front turn. 
Halt — Dress. 

Third method. 
Jpy-om Column of divisions, to form, Column of route, w. tKc marcfi.. 



3. 
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Column, right in front. 
Form column op 

KOUTE. 



Centre, and left divisions* Halt. 

Nos. 1. 

1. Forward. 

Forward — March. 

Halt, — Right half tum^-March. 
Front turn. 



Column, left in front. 
Form column of 

ROUTE. 




Centre, and right divisions — Halt. 

Nos. 1. 

6. Forward. 

4. 

2 

5. 

3. 

1. 



> Forward — March. 

Halt. Left half turn. — 
March- — ^Front turn. 



22. To bring the Bear to the front, in succession, on the march. 
First m£tfiod. In Column of route. 



Rear sub-division 

THE front. 



TO 



Nos. 1. 

6. 

5. 

4. 

3. 

2. 



T ^ ^^ • f Right half turn. 
In succession ^ ^ ® . . 

( r ront turn. 



Second method. In Column of divisions. 

Rear division to the 
front through the 
intervals. 

23, To form Line on the leading division. 
Divisions, right in front. 



Centre, and rear divisions in succession. 
Inwards close — Forward — Full intervals. 



Left of the front 
FORM LINE — March. 



Centre division — Left take ground — 
March — Right take ground — Halt — 
Dress. 

Left division — Left take ground — 
March — Right half turn — Right half turn 
— Halt — Ih-ess. 



Divisions, left in front. 

Right of the front 

FORM LINE — March. 



Centre division — Right take ground — 
March — Left take ground — Halt — Dress. 

Eight division — Right take ground — 
March — Left half turn — Left half turn — 
Halt — Dress. 
On the March. 

The centre, and rear divisions make a half t\mi^^«x^%\2(i<&*\fi^K:cA<%^ 
Vwe, and come up at an increased pace. 

1. 
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Halt — Action front. 



For Action, 

Right (or left) op 
the front form line 
FOR ACTION — March. 

24. To form Line .on the rear division. 
Divisions f right in front. 



Right of the rear 

FORM LINE — ^MaRCH. 



Divisions, left in front. 
Left of the rear 

FORM LINE — ^MaRCH. 



Centre division — Right take ground- 
March — Right take ground — Right re- 
verse — Halt — ^Dress. 

Eight division — Right take ground — 
March — Right half turn — Right half turn 
— Right reverse — Halt — Dress. 



Centre division — Left take ground — 
March — Left take ground — Left reverse — 
Halt — Dress. 

Left division — Left take ground — 
March — Left half turn — Left half turn — 
Left reverse — ^Halt — Dress. 
For Action, 

Right (or left) of 
the rear, form line 
for action, front 
— ^March. 

25. To form Line on the centre division. 
This manceuvre is a combination of Nos. 23, and 24. 

26. To form Line to the rear on the leading division. 
Divisions^ right in front. 



The standing division comes into action 
to the front : the others, as they arrive in 
line, coma into action to the rear. 



Form line to the 

REAR, ON the LEAD- 
ing division — 
March. 



Divisions, left in front- 
Form line to the 

REAR, on the lead- 
ing division — 
March. 



Hight division — Sub-divisions inwards 
about wheel — March — Halt — Dress. 

Centre division — Right take ground — 
March — Left take ground — Sub-divisions 
inwards about wheel — Halt — Dress. 

Left division — Right take ground — 
March — Left half turn — Left half turn — 
Sub-divisions inwards about wheel— Halt 
— Dress. 

Left division — Sub-divisions inwards 
about wheel — March — Halt — Dress. 

Centre division — Left take ground — 
March — Right take ground — Sub-divisions 
inwards about wheel — Halt — Dress. 

H^ffit division — Left take ground — 
March — Right half turn — Right half turn 
— Sub-divisions inwards about wheel — 
Halt — Dress. 
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27, To form Line to the rear on the rear division. 
Divisions, right in front. 
Form line to the 



REAB, ON THE BEAR 
DIVISION — ^MaBCH. 



Divisions, left in front. 
Form line to the 
rear, on the rear 
DIVISION — March. 



28. To form Line to the 
This is a combination of 

29. To form Line to the 
Divisions, right in front. 

Form line to the 
right flank on the 
leading division — 
March. 

Divisions, left in front. 
Form line to the 
left flank on the 
leading division — 
March. 



Hight division — Left wheel — March — 
Right shoulders — ^Right shoulders — Halt — 
Dress. 

Centre division — Left wheel — March — 
Left wheel — Halt — Dress. 

Left division — Sub-divisions inwards 
about wheel — ^March — ^Halt — Dress, 

Left division — Right wheel — March — 
Left shoulders — Left shoulders — ^Halt — 
Dress. 

Centre division — Right wheel — ^March — 
Right wheel — Halt — Dress. 

Might division — Sub-divisions inwards 
about wheel — March — ^Halt — Dress. 

rear on the centre division, 
Nos. 26, and 27. 

reverse flank on the leading division. 

Eight division — ^Right wheel — March — 
Halt — ^Dress. 

Centre, and left divisions — Left half 
turn — March — ^Front turn — Right wheel 
— Halt — Dress. 

Left division — Left wheel — March — 
Halt — Dress. 

Centre, and right divisions — Right half 
turn — March — Front turn — Left wheel — 
Halt — Dress. 



30. To wheel into Line, 
Divisions, right in front. 

Left wheel into Line Nos, 1, 
— ^March. 1. 



3. 
5. 
2. 
4. 
6. 



Sub-divisions, 
Dress. 



left wheel — Halt— 



Sub-divisions, right wheel — Right 
about wheel — ^Halt — Dress, 



Divisions, left in front. 

Right wheel into 
Line— March. 




Right wheel. 
Halt — Dress. 
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No8. 

q* I Left wheel — Left about wheeL 

5. 



Halt — ^Dress, 



31. To deploy on the rear division, 

Note. — All deployments are on the front base. 

Divisions f right in front,. 



Deploy on the bear 
DIVISION — Mabch. 



Divi^ons, left in front. 

Deploy on the rear 
DIVISION — March. 



For Action, 

Deploy on the rear 
division, for action 
FRONT — March. 



Right division— Right take ground — 
March — Right take ground — Right reverse 
— Halt — ^Dress. 

Centre dtvisionr-^Hight take ground — 
March — Left take ground — Halt. March 
. — ^Halt — ^Dress. 

Left division — Forward — March — Trot 
— Halt— Dress. 



Left division — ^Left take< ground-— March 
— Leil take ground — Left reverse — Halt — 
Dress. 

Centre division — Left take ground — 
March — Right take ground — ^Halt. March 
— Halt — Dress. 

Eight division — ^Forward — ^Trot — March 
— ^Halt — ^Dress. 

The Divisions all proceed as before, ex- 
cept that the leading division, instead of 
going to the rear and reversing, comes into 
action to the right, or left;, when in its 
place ; the other divisions come into action 
to the front. 



32. To d^loy on the Centre division. 



Deploy on the centre 
DIVISION — March. 



Right division — ^Right take ground — 
March — Right take ground — Right reverse 
— Halt — Dress. 

Centre division — Forward — Trot — 
March — ^Halt — Dress. 

Left division — Left take ground — March 
— Right take ground — Halt — ^Dress. 



33. To countermarch. 

The column will counter- 
march — Divisions by sub- 
divisions INWARDS about 
WHEEL — March, Halt — 
Dress. 



The Sub-divisione wheel about in- 
wards, and halt on their markers. 
The officers moving up with their 
sub-divisions. 



RiGHTjAND LEFT OF THE 

front, form line — 
Mabch. 
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On the March. — The markers fall in rear of their officers. 

34. From Double column of sub-divisions to form line to the front, 

Nos, 1. 

2. ( Right half turn — Front torn. 

1. \ Halt— Dress. 

5. ( Left half turn — ^Front turn. 

6. \ Halt — Dress. 

On the MarcK^-The rear sub-dividons move up at im increased 
pace. 

For Action. — At the word " March," the two leading sub-divisions 
come into action to the front : the other sub-divisions come into action, 
in succession, as they arrive in line. 

35. From Double column of sub-divisions, to form line to a flank. 



Form line to the 
right, on the right 
half battery — 
March. 



Nos. 1. 

3. Right wheel — ^Halt— Dress. 
2. ^ Forward — ^Right wheel. 
1. / Halt— Dress. 

^* I Forward— Right Wheel, 
g- I Halt— Dress. 

lb form Line to the left is done on the same principle. 

INSPECTION, AND REVIEW. 

A single Battery, 

The Battery is formed in line limbered up ; the detachments in the 
order of march. 

The waggons at order — ^viz., ten yards in rear of their guns. 

The OflBcers at order — ^viz., the Subalterns one horse's length in 
front of, and in the centre of their divisions. 

The second Captain on the right of the battery, in line with the 
Subalterns. 

The Staff Serjeants on the outer flanks of the waggons. 

The Markers move up into the places of their officers. 

The Commanding officer in the centre of the battery, one horse's 
length in front of the Subalterns. 

As the Inspecting Officer arrives, the Officers draw swords and 
salute ; taking the time from the Commanding officer, whose word of 
command is " General salute, draw swords." The officers then 
recover their swords in like manner. As soon as the inspection has 
been made, the Commanding officer gives the word, " Take close 
order — March," when the officers, and markers return to their 
places in line, the officers sloping their swords ; and the waggons 
move up. 

Marching past. 

This may be done either by Divisions, or by Half batteries ; in the 
latter case usually at half intervals. 
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The Battery will march past. 

Break into column op divisions (or Half batteries 
at half intervals) to the right — March. 

At thirty yards from the Inspecting officer, the Subaltern officers in 
command of divisions, or half batteries, give the word, " Carry swords, 
eyes right," and move oat one horse's length in the front of, and 
in the centre of their divisions. In Half batteries, the two officers of 
the leading half battery between the guns of it ; the officer of the rear 
half battery in front of his centre gun. The Commanding Officer two 
horses' length in front of the battery, and the Second Captain in rear 
of the battery. The officers salute at six yards' distance from the 
Inspecting officer, and recover their swords at ten yards past him. At 
twenty yards past^ the Subaltern officers in command of divisions 
(or half batteries) give the word, " Eyes front — Slope swords." 

In trotting past the detachments are mounted ; the officers remain 
on the flanks, and carry swords as they pass the Inspecting officer, 
giving the word, ** Eyes right — Carry swords." 

Should a battery be required to rank past, it wheels as before, until 
it arrives on ihe line of the Inspecting officer, when it halts. 

The battery will rank past — March. 

The battery advances in a column of route, the officers in front of 
the guns, the markers, staff'Seijeants, and farrier in front of the 
waggons. The officers, and drivers salute, as before. The spare car- 
riages in rear of the divisions to which they belong : the second Cap- 
tain in rear of the whole. 
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EQUIPMENT OF A BATTERY. 

Sec, 1. Packing the Intrenching tools. Camp 
equipage, &c,, &c, 

1 . — In equipping a battery for the march, the stores, intrenching 
tools, camp equipage, &c., are packed as follows : — 

On gun limber. 

Two carbines on the front of the boxes, barrels up. 
Two fitting ropes on the foot board. 

One swingletree between the foot board, and the splinter bar. 
One felling axe on the splinter bar, edge inwards. 
One bill hook under the foot board. 

Two spades on the sides of the boxes, and &stened to the splinter bar. 
One grease tin on the front of the axletree. 
One pickaxe under the axletree. 

One prolonge between the boxes, above the washer box. 
Two water buckets on the back of the axletree. 
Two com sacks; two blankets folded (21 inches by 16), in blanket 
covers, on the box lids. 

On gun carriage. 

One claw hammer 1 Qn each <*eek. 

One wrench hammer J 

One pair of pincers on the cheek. 

One spare sponge, wadhook, and handspike, under the trail. 

Two camp kettles in rear of axletree. 

The whole of these stores, &c., are buckled on by Nos. 1, and 6. 

On waggon limber. 

One picket line on the foot board. 
One lifling jack on the foot board. 
One grease tin on the front of the axletree. 

Two com sacks, two blankets folded, in blanket covers, on the box lids. 
These stores are buckled on by Nos. 4, and 5. 

On voaggon body. 
Four picket posts^ two on each side of the boxes. 
One maul under off end of rear foot board. 
Spare horse-shoe box, under the front foot board. 
Grease magazine under near end of rear foot board. 
Four blankets, in blanket covers, on the box lids. 
One camp kettle on the rear of the axletree. 

These stores are buckled on by Nos. 2, 3, 7, and 8. 

Twenty-three tents are supplied to a battery : each of the six Sub- 
divisions having 4 tents, except No. 3 Sub-division, which has 3 tents. 
The tents, and tent pins in valises, are carried on waggon body. 
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FIELD BATTERY EXERCISE. 



[part VL 



1 Carbine. FelliBg-axe. 
Grease-tin. 





4 c. caae. 








2 files. 


8 solid 
shot. 






2 fannels. 




8 shrap- 




1 box con. 


13,lilb. 


nel. 




12 fazes. 


car« 
tridges. 


^.l^lb. 




1 knife. 




car- 


• 


1 mallet. 


6 port- 
fires, & 


tridges. 


1 

GO 


1 setter. 


1 saw, on 


1 copy of 


2 needles. 


Ud. 


Instruc- 
tions for 




1 pincers. 


2 straps 


fixing 




1 saw set. 


forftize- 
bozes. 


fuzes. 




1 scissors. 




5 ftize 




1 oz. worst. 


2k!eyB. 


«eetioas. 




1 set fuze 


2 drivers. 






borers. 







6-pounder gun. 

LiMBEk. 

2 Drag-ropes. 
Swingletree. 



g 



1 Carbine. 
Bill-hook. 




8 solid 


• 




shot. 




4 




8 solid 


common 




shot 


case. 


11,1* lb. 
cartridges. 




Tube 
pocket. 


100 






firiction 


13,lAlb. 
cartridges. 




tubes, 


3 


in box. 




lanyards. 



SB 

c 
to 



Water-bucket 



Pidkaze. Water-bocket 



The stores on the gun-carriage are 
buckled on by Nos. 1, and 6. 



1 com- 
mon 
case. 



1 com- 
mon 
case. 



1 com- 
mon 
case. 



3 solid shot 



Camp kettle. 



to 

I 

GQ 



I « I 

U ^ JS 



J* "I The fitting-ropes are substitutes 
"^ ^ — for drag-ropes. 



% 



OD 



if 









p 



^ 



I 



S 



2pundies. 
2 com. spikes. 
1 spring ditto. 

1 iq>unge head. 

2 thiH&b stalls. 

1 )sp. tangent 
screw. 

priming irons. 



^«XC£^\i^\\.\A. 



t 



o 

OD 
09 
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6-POUNDER GUN AMMUNITION WAGGON. 

UHBEB. 

Picket-line. Felling-oze. Bill-hook. 

Swingletree. 







Grease-tin. 




4soUd 




8 




shot 


8 solid 


shrapneL 




(above). 


shot. 


12, U lb. 
cartridges. 


1 


4 common 
case 




Ul 


(below). 




1 blue box 






12, 1 J lb. 


containing 






car- 


12 




6 portfires 


tridges. 


shrapnel 




onUd. 




fazes. 



• 






1 


'5^'f? 


P. 




i 


•H iHC^ 


t 





8 solid 
sSiot. 


8 solid 
shot 


4iaolid 
shot. 


l2.Ulb. 
cartridges. 


1 




Iboz 

containing 

lOOfric 

tabes. 


I2,lilb. 

car- 
tridges. 


4 common 
case. 



I 



Water-bucket. 

The stores on the waggon limber are 

buckled on by Nos. 4, and 5. r^zs^ 



Pickaxe. Water-bucket. 

The stores on the waggon body are 
wheel.) backled on by Nos. 2, 3, 7, 8. 







10 shrapnel. 




OB 






15 solid shot 


% 


20 solid shot, 


16. 


• 


•^ 


in 2 tiers. 


l^lb. 


27. 


o 




cartridges. 


l^lb. 






cartridges. 






Ibag 




O 


12, 


con. 12 fuzes. 


1 tube pocket. 


5 


l^lb. 






^ 


cartridges. 


1 box con. 


1 skein 


o 




100 friction 
tubes. 


of marline. 



o 

s- 

o 






ll 



15 soUd shot. 

27, 

l^lb. 

cartri<]^. 

100 empty 

flannel 
cartridges. 

7ilbs..... 



10 wXA shot 

18. 

lilb. 

cartridges. 

1 skein 

of Hambro' 

line. 

... slow .... 



30 solid shot, 

in 

3tiexB. 



match. 



i 



f 



Camp-kettle, grease-mag., reaping-hooks, maul, cam^-k&l\X&. 

Tent-pegs, and tents on foot^boards. \^«i&\Si\v^tsftHSDS2K»» 

Blankets, and com sacka oiiVini\NxV»«&« 



FIELD BATTERY EXEHCI8B. [PART VI, 

12-POnSDEB HOWITZER. 



1 cuUne. FelUng-aig. 1 dng-nptg. 



llibnFiKl.lD 

atten. 


sdinvHL 




SHk^lftmi. 


Stt 






1 copy of In. 


t 


IKdwlTU 









onlld. 


i 








IWie potot. 



carrlags m boi^ 
«.brNoM,»ode. 


■ 


1! 

"1 


n^iai. 


drig- 


l»p«.l!«l»«l. 


1 


Spunchs. 
a dim. Bplkffl. 
i spring dItlD., 

1 «p.^tM6eBt 


1 
i 


111 


1 1 








CUHF-Iultle. 
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^ 



12-POUNDER HOWITZER AMMUNITION WAGGON. 

LIMBEB. 
Picket-line. Felling-axe. Bill-hook. 



Grease tin. 



Swingletree. 



12 shrapnel, 
in 2 tiers. 

12 fazes, 
in 4 bundles. 

1 blue bag 

con. 12 shrap. 

fuzes. 

1 blue box 

con. 12 shrap. 

ftizes. 

6 portfires 
on lid. 



- 



6 shrapnel. 



18, IJ lb. 
cartridges. 



1 washer. 

1 linchpin. 

2 couples. 





2 common 
' shells. 


12 common 

shells, 
in 2 tiers. 


4 common 
case. 


2 black boxes, 

each containing 

8 common 

fuzes. 


18, lilb. 
cartridges. 


100 tubes. 
Tube pocket 



Water-bucket* 

The stores on the waggon limber are 
buckled on by Nos. 4, and 6. 

(Spare 



f 

a. 



Pickaxe. Water-bucket. 

The stores on the waggon body are 
buckled on by Nos. 2, 3. 7, 8. 

wheeL) 



CO 

I 

i 

.a 



o 



16 shrapnel, 
in 2 tiers. 

8. 

lilb. 

cartridges. 

3 blue bags, 

each con. 

12 shrap. fuzes. 



28. 

Hlb. 

cartridges. 



16 shrapnel, 
in 2 tiers. 



o 
2. 



BO 

SI 



■SI 

si 







4 com. shells. 






4 carcasses. 


16 common 




(below). 


shells, 




8 com. shells. 


in 2 tiers. 


• 


(above). 


100 empty 
flannel 


28, 

lilb. 

cartridges. 


1 skein 
Hambro' line, 
1 do. marline. 


cartridges. 




2 black bags. 






each containing 

16 common 

fuzes. 



H 

P 

T 

I 

•a 



1 

sr 



Camp-kettle, grease-mag., reaping-hooks, maul, camp-kettle. 

Tent-pegs and tents on foot-boards. 10 sets of horse- dioes. 

Blankets, and corn sacks on limber boxes. 
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FIELD BATTERT EXERCISE. 



[part VI. 



«& 



1 Carbine. Felling>«^e. 
Orease-tiD. 



^-POUNDER GUN. 

LIMBER. 

2 Dn^-ropes. 
Swlngletree. 



4 com. case. 

2 files. Iknf. 

2ftiimels. 

1 blue box 
containing 8 
sbrap. fu^. 

1 mallet. 

2 needles. 
1 pincers. 
1 saw set. 

1 scis. 1 setr. 

1 oz. worstd. 

1 set fti. bor- 
ers. 2 straps 
for ftu boxes. 



6 solid shot. 

8, 2j^lb. car- 
tridges. 

6 portfircis &' 
1 saw, on lid. 



6 shrapnel. 

8, 2} lb. car 
tri^s. 

6 faze sections. 

1 copy of In- 
structions for 
fixing ftizes. 

2 driven. 
2 keys. 



I 





^ 




i 


i 




» 


(X 


m 


ifl 


ja 


o. 


t 




i 


v\ 


eq 


CI 


Ir 


.head. 



1 Carbine. 
Bill-book. 



6 solid shot. 



8, 2j^lb. 'Car- 
tridges. 



6 solid shot. 



8, 2ilb. car- 
tridges. 



4 com. case. 



1 tube pocket. 



100 friction 
tubes. 



3 lanyards. 



g. 

9 



Water-bucket 



Pickaxe. 



Water-bucket. 



The stores on the gun-carriage are 
buckled on by Nos. 1, and 6. 



1 set priming-irons. 



1 sponge head. 



I 

OS 



I. 

Pi 



Camp-kettle. 



IS 



1^ 

I 







The fitting-ropes^are substi- 
tutes tix drag-ropes. 



2punchea 
2 com. spikes. 

1 spring ditto. 

2 thumb-stalls. 

1 spare tan- 
gent screw. 



Gamp^ettle. 



I 

a 

o 

CO 
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LIlfBEB. 
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Picket-line. FeUing-axe. 
Grease-tin. 



Lifting-Jack. Bill-hook. 
Swingletree. 







6 solid shot. 




4 common 






case. 


8, 2|lb. car- 
tndges. 




50 empty 




• 


flannel 


6 portfires on 


LJ 


cartridges. 


Ud. 


f0\ 








1 blue box 






containing 


6 shrapnel. 




8 shrapnel 






fazes. 


8, 2A lb. car- 
tridges. 








6 solid shot. 

8, %^X\k car- 
tridges. 


4. common 
caae. 

itube 
pocket. 

100 friction 
tubes. 


6 solid shot. 

8, 2ilb. car- 
tridges. 



1 



Water-bucket. 

The stores on the waggon limber 
are buckled on by Nos. 4, and 5. (Spare 



Pickaxe. 



Water-bucket. 



The stores on the waggon body 
wheel.) are buckled on by Nos. 2, 3, 7, 8. 



I 

o 
o 



16 solid shot. 



9, 2ilb. caiw 
tridges. 



8 shrapnel. 

13, 211b. 
cartridges. 



1 box containing 
8 fuzes. 



8 solid shot. 



14, 2k lb. car- 
tridges. 



o 

sr 

cr 

Q 



s- 






J. _L 



s 



8 solid shot. 

14, 2} lb. car- 
tridges. 

61b 


8 solid shot. 

14, 2* lb. car- 
tridges. 

... slow • • • 


16 solid shot, in 
2 tiers. 


50 empty flannel 
cartridges. 

1 skein marline. 

1 skein Hambro' 
line. 

* • . match. 









I 



Of 

(9 



sr 



Camp-kettle, grease-mag., reaping-hooks, maul, camp-kettle. 

Tent-pegs and tents on foot-boards. 10 sets horse-shoes. 

Blankets, and com sacks on limber boxes. 
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FIELD BATTERY EXERCISE. 



[part VI. 



I 

OS 



24-POUNDER HOWITZER. 

LIMBEB. 
1 Carbine. Felling-axe. 2 Drag-ropes. 

Grease-tin. Swlngletree. 



12, 2i lb. cartridges; 2ftui- 
nels ; 3 blue boxes, each 
contidning 8 shrapnel 
fuzes; 1 knife; 1 mal- 
let; 2 needles; 1 pair 
pincers; 1 ^saw set; 1 
pair scissors; 2 setters; 
1 oz. worsted ; 1 set fazG 
borers ; 2 straps for fuze 
boxes ; 2 files. 



12 shrapnel, in 2 tiers. 
6 portfires, on lid. 

1 copy of Instructions for 
flxu^ fazes. 

5 fiize sections. 

2 drivers. 2 keys. 



ti 






s 






1 


i 


i 


1 


•g 
s 


t 


IH 


r-i 


CI 





1 Carbine. 
Bill-hook. 



12, 2i lb. cartridges. 

1 black box, containing 10 
common fazes; 1 tube 
pocket ; 100 friction tubes 
in tin box. 



4 common shells 
2 common case 

4 common shells 
2 common case 



■) lower 
3 tier. " 

■) upper 
i tier. 



I 



Water-bucket. 



Pickaxe. 



Water-bucket. 






The stores on the gun-carriage are 
buckled on by Nos. 1, and 6. 



1 set priming-irons. 



1 sponge head. 



1 rammer head. 



8) 
I 




Camp-kettle. 



The fitting-ropes are substi- 
tuted for drag-ropes. 








2 punches. 

2 common spikes. 

1 spring ditto. 

2 thumb-stalls. 

1 spare tangent screw. 



31b. slow match. 



Camp-kettle. 
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24-POUNDER HOWITZER-AMMUNITION-WAGGON. 

LiTMBEB. 



Picket-line. Felling-axe. 
Grease-tin. 



LifUng-Jack. BiU-hook. 
Swingletree.*^ 



93 

t 



12, 2ilb. cartridges. 

2 blue boxes each contain- 
ing 8 shrapnel fuzes. 



12 shrapnel, in 2 tiers. 
6 portfires, on lid. 







1 drag washer. 

1 linchpin. 

2 couples. 




12 linchpin 
ties. 



12, 2i lb. cartridges. 

1 black box containing 
10 common fuzes. 

1 tube pocket. 

100 brass tubes. 



4 common shells 
2 common case 

4 common shells 
2 common case 



lower 
tier. ; 



} 

7 tipper 



uer. 



I 



Water-bucket. 

The stores on the wa^on limber are 
buckled on by Nos. ^ and 5. (Spare 






o 
o 



Pickaxe. Water-bucket. 

The stores on the waggon body are ' 
wheel.) buckled on by Nos. 2, 3, 7, 8. 



S 8 

of—* 



=1 



18, 2ilb. 
cartridges. 




•-• 

o 

s 


2 blue bags, 

each 
containing 
8 shrapnel 

fuzes. 


18 shrapnel, in 2 tiers. 
S^lb. slow match. 


o 
tr 


7 common shells liowertier. 
2 carcasses 3 




1 


9 common shells, uppertier. 




1 


1 skein marline. 


18, 2ilb. 


^ 


1 skein Hambro' line. 


cartridges. 


g: 


60 empty flannel cartridges. 




s 

X 


2 black bags, each oontainhig 
10 common ftizes. 




i 

sr 



Camp-kettle, grease-mag., reaping-hooks, maul, camp*kettle. 

Tent-pegs, and tents on foot-boardSi 10 sets horse-shoes. 

Blankets, and com sadcs on limber-boxes. 
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FIELD BATTERY EXEECISE. [PART VI. 



1 



12-POUNDER GUN. 

LIMBEB. 

1 Carbine. Felling-axe. 2 Drag-ropes. 
Grease tin. Swingletree. Hand screw-jack. 



1 Carbine. 
BU-book. 



9, 4 lb. cartridges. 
1 saw,and6portflres(mlid 



3 com. case; 2 needles ; 2 
files; 1 mallet; 1 oz. 
worst; 1 knife; 1 set- 
ter; 1 saw set; 1 box 
containing 12 stirap. 
faxes; 1 soisb; 2strapa 
for fuze boxes ; set fiue 
borers; 2 funnels; pin- 
cers; 2 keys; 2 drivers; 
5 faze sections; 1 copy 
Instructions. 



6 solid shot, 
in 2 tiers. 



6 
sbrapneL 

6, 4 lb. 
cartridges. 



9, 4 lb. cartridges. 



3 common case ; tube 

pocket ; 100 friction tubes ; 

3 lanyards. 



6 solid 6hot» 
in 2 tiers. 



-00 



Water-bucket. 



Vidkjaxe, Water-bucket. 



i 



The stores on the gun- 
carriage are buckled 
on by Nos. 1, and 6. 



li.s. 

0) CO 



a 




Camp-kettle. 



.a « 



The fitting-ropes are 
substitutes for drag- 
ropes. 



-a 



e 



eo 
i 

04 OS^ 



I 



2 couples; 2 c 
spiks.; 1 sp. 
do. ; 2 thumb- 
stalls; 1 set 
priming-irons; 
2 pun.; 1 wash- 
er; 1 sp. tan- 
gent screw, and 
linchpin. 



I 



'i 

n 



i 



Camp-kettle. 
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* 12-POUNDER GUN-AMMUNITION WAGGON. 

LIMBER. 

Flcket-line. Felling-axe. Lifting-Jack. Bill-hook. 

Grease-tin. 



4 shrapnel 
(below). 

Isk. marline. 

1 ditto 

Hamfaro' 

line. 

1 bine box 

containing 

12 shrapnel 

tazen. 


8, 4 lb. cartridges. 

6 solid shot, 
(below). 


6 shrapnel. 
8, 4 lb. cartridges. 
6 portfires, on lid. 

• 



Swingletree. 


8, 4 lb. cartridges. 
6 solid shot. 


Tube 
pocket. 

4oommoD 
case. 


8, 4 lb. cartridges. 
6 soUd shot. 



Water-bncket. 

The stores on the waggon limber are 
backied on by Nos. 4, and 5. 

(Spare 



I 
I 

.a 

•s 

s 



Pidcaxe. Water-bncket. 

The stores on the waggon body ai 
buckled on by Nos. 2, 3, 7, 8. 

wheel.) 



4 solid shot, 






(below). 






4 shrapnel. 


12, 4 lb. 


12, 4 lb. 


(.above). 


cartridges. 


cartridges. 


60 empty 






flannel 


r 




cartridges.' 








8 solid shot. 


8 shrapneL 


A fuze box 






containing 12 


• 




sbrap. fuzes. 







ST 
S. 



i 



H 



12, 4 lb. 
cartridges. 



8 solid shot, 
(below).^ 



12, 4 lb. 
cartridges. 



8 solid shot, 
(below). 



Spare 
sponge head. 

Do. ramr. 

5 lb. 
slow match. 

8 solid shot, 
in 2 tiers. 



I 



f 



Oamp-kettle, grease-mag., reaping-hooks, maul, camp>kettLe. 

Tent-pegs and tents on fuot-boards. 10 sets horse-shoet. 

Blankets, and com sacks on limber boxes. 
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FIKLD BATTERT EXERCISE* 



[part YI. 



32-POUNDER HOWITZER 

LIMBEB. 

1 Garbtne. Felling-axe. Drag-ropes. 

Grease-tin. Svdngletree. Hand 8crew-|ade. 



1 Carbine. 
BUl-hook. 



2 8hrapneL 
3, 3 lb. cartridges. 



4 8hrapneL 

4, 3 lb. cartridges. 

6 portfires* and 1 saw 
on lid. 



2 common case. 
2, 3lb. cartrk^es. 



100 friction tabes. 

3 lanyards. 2 funnels. 

1 bla^ box, containing 
10 common fuzes. 



2 common diells. 



2,31b. cartridges. 



4 common shells. 



'4,31b. cartridges. 



f 



Water-bocket. 



Ilckaxe. Water-badcet. 



* This box should contain, in addition, the following stores :— 



1 bine box ccmtaining 12 shrapnel ftiaes ; 
1 knife; 1 mallet; 2 needles; 1 pta- 
cers; 1 saw set; 1 scissors; 2 setters; 
1 ox. of worsted; set taae borers; 



2 straps for ftue boxes ; 1 copy of Instmc- 
tions for fixing fuzes; 6 fuse sections; 
2 drivers; tube podcet; 2 files; 2 keys. 



The states on the gnn-carriage are 
buckled on by Nos. I, and 6. 



2 couples. 
2 wastiers. 
2 linchpins. 
1 epoDge head. 
1 rammer head. 
1 set priming-irons. 



Camp-kettle. 



Pi 



4 

a 



a 

k 



ei 



► 

s 



The fltting-iopes are sub6ti« 
tated for drag-ropes. 



31b. slow matdi. 



2 punches. 

1 spare tangent screw. 

2 common spikes. 

1 qnring dltta 

2 thumb staUs. 



Gamp-kettle. 
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32-POUNDER HOWITZER-AMMUNITION-WAGGON. 

» 

LIMBER. 



Picket>line. FelUng-axe. 
Grease-tin. 



Lifting.Jack. BlU-hook. 
Swingletree. 



' 1 akein of 
marline. 

1 skein of 

Hambro' 

line. 



6 shrapnel, 
in 2 tiers. 



12, 3 lb. 
cartridges. 



Bine box, 

containing 

12 shrapnel 

fuzes. 



6 shrapnel, 
in 2 tiers. 



Black box 

containing 

10 common 

ftizes. 



6 common 

shells in 

2 tiers. 



12,31b. 
cartridges. 



Tube 

pocket, 

containing 

25 brass 

tabe& 



6 common 

shells, in 

2 tiers. 



I 



Water-bucket. 

The stores cm the waggon limber 
are budded on by Nos. 4, and 5. (Spare 



o 
.a 

•s 
s 



Ibag, 
oontabiing 
12 shrapnel 

fuzes. ' 

6 shrapnel, 
in 2 tiers. 



Pi(±axe. Water-bucket 

The stores on the waggon body 
wheel.) are buckled on by Nos. 2, 8, 7, 8 



9, alb. 
cartridges. 

6 ihrapnel. 

50 empty 
. flannel 
cartridges. 



6,31b. 
cartridges. 



Sconmum 
shells. 



o 

s 
sr 

o 






if 

Is 



• • « k 


• • . . 




«, 31b. 
cartridges. 


9,31b. 
cartridges. 


3 packets of 

common fuzes, 

10 in each. 


3 common 
sheila 


6 common 
shells. 
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Gamp-Jkcettle, grease-mag., reaping-hooks, maul, camp-kettie. 

Tent-pegs and tents on footboards. 10 sets horse^dioes. 

Blankets, and oom sacks on limber-boxes. 
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Ordnance, Cabriages, and Appointments. 
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A 9-pounder with six horses can, without distressing the horses, march about 
four miles in an hour and a half, eight miles in four hours, and sixteen miles in 
ten hours. 

WEIGHT O^ RIDERS, HARN£g$, &C., 

of a Field battery, Equipped in mafching order. 



' N^ar set of harness •••.«•• 
Driver, in marching order, including greatcoat 



Lead • • * 
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Mdunted N. C. officer's appointments 



Non-commissioned officer. .•••••120 
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The average weight of an Artillery \iorse \a \Q c^\..*I ^^^. 
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ON THE INTERIOR MANAGEMENT OF A BATTERY. 
(Fkfo "Field Battery Exercise.") 

1. The greatest care should be paid to the fittings of the saddles, 
and collars ; extensive sore ba^ks, and galled shoulders arise chiefly 
from Delect on the march ; and by prompt attention on the part of 
the officers, many horses may be preserved to the service, which 
would otherwise be disabled for months. The drivers should never 
be suffered to lounge in their saddles, or to sit uneven. A folded 
blanket under the saddle is found to be the best preventive of sore 
backs, as it adapts the shape of the saddle to any loss of flesh in the 
animal. 

On long marches, the shaft horse should invariably be provided 
with a half blanket under the pad saddle ; every driver should also 
have attached to his harness a pair of pads of basil leather, about six 
inches by four, staffed with hair; and the moment any tenderness 
is perceived in a horse's shoulder, the pressure should be relieved by 
placing the pads above and below the tender part. 

2. On a march, there will always be an advanced, and rear guard ; 
the advanced guard of one day becoming the rear guard of the next. 
On arriving on the ground where the battery is to be parked, the 
advanced guard will immediately pitch their tent, and post sentinels. 
When the battery quits its ground, the non-commissioned officer of 
the guard is responsible that nothing be left behind. 

3. When a battery is to march, the camp-kettles, and everything 
that will not be required before morning, should be lashed on the 
carriages at sunset. 

4. In parking guns, the usual interval is ten or twelve paces ; but 
on a march, that everything may be better under the eye of the 
sentinels, the intervals may be diminished to three or four paces. 
The guns are to be in the first line, covered by their respective 
waggons ; the spare ammunition, and store carriages in the third line. 
The tents of the detachment are sometimes on the fianks of the 
battery, and sometimes in rear of their respective sub-divisions: 
the officera in rear of the battery. The horses are sometimes picketed 
in rear of the whole, and parallel to the line of guns, and sometimes 
perpendicular to this line, and on the fianks between the detach- 
ments, tents, and the carriages ; but in genei*al, the form of encamp- 
ing will depend on the nature of the ground, and local circumstances. 
In every situation the approach to the park, and the road by which 
the guns are brought out, should be kept clear and open. 

5. If the battery is parked in hot weather, the naves of the wheels 
must be defended as much as possible from the effect of the sun, by 
sods, or other covering. 

6. When a battery arrives in camp, quarters, or cantonments, each 
non-commissioned officer will immediately examine every part of the 
carriages of his sub-division, especially the wheels, to the greasing 
of which he will attend. Any damages, to be repaired without delay, 
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he will report to the officer of his diriaioiiy Hrho will r^rt to the 
commander of the battery. 

7. When a battery is in statio&ary quarters, there must be a 
weekly inspection of every part of the battery, and a parade in 
marching order, when circumstances will permit; at which parade, 
every part of tiie harness and appointments of gunnens and drivers 
is expected to be in the best order. Particular attention should be 
paid to the state of the ammunition, which should be frequently 
aired; and no fresh ammunition should ever be received without 
being gauged to the guns. 

8. The drivers must immediately report any loss, or breakage of 
their harness ; and, on the instant, make known to the non-commis- 
sioned officer of the sub-division, any gall, or other hurt which may 
have happened to the horses committed to their charge : any neglect 
on this point must be punished. Airing, and beating with a knotted 
rope the stuffing of the collars and saddles, is an important part of 
the driver's duty, which should never be omitted on continued 
marches. In camp, greasy heels are the most common disability 
which horses labour under ; and as they proceed from cold, occasion- 
ing humours to settle, the best preventive is hand-rubbing, and ezer' 
cise, to keep up a circulation. 

9. Unless for some particular purpose, the elevating screws should 
n^ver be raised higher than the half of their length ; on a march, 
they should be covered with a piece of canvas, or an old flannel 
cartridge, which will prevent their being clogged with dirt ; and the 
travelling chain should be always applied. The pintail, and the trail 
plate eye, should be greased previous to marching. 

10. Afler a field day, or an action, the bores of the guns should be 
Washed, and then laid Under metal. 

11. If a wheel be so disabled as not to be worth repairing, the 
nave, if not damaged, should be at any rate saved. If the nave be 
good, a new wheel can easily be made from materials perhaps found 
on the spot, but it is very difficult to find a nave. 

12. In marching in ordinary circumstances, the officer next for 
duty will always proceed in advance, to take up quarters, and to' 
choose ground for parking, or encamping on ; and the officer on duty* 
for the day will always march in, and bring up the rear. 

13. When a battery is to march, and ** Boot and saddle*' has been 
sounded, the officer of the day, the non-commissioned officers, drivers, 
and horses will turn out, and immediately proceed to the park and 
put-to ; if encamped, tents to be struck, and lashed to the carriages. 
At the sound " Turn out," the whole of the officers, non-commi&sioned 
officers, and gunners, repair to the park ; and when the usual inspec- 
tions have been made, and the regular reports delivered to the com- 
mander, the battery will be marched off. 

14. Feeding will always take place three times a day at the park, 
under the inspection of the officer of the day ; when the nose-bags 
have been filled by the non-commissioned officer in charge of the 
forage, the trumpeter is to sound ** Feed,* the nose-ba^ sx^ Y^'V. vs^^ 
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and the drivers fall Sn, in front; after the feed, the nose-bags are 
rolled up, and buckled on. 

15. A non-commissioned officer is to have charge of, and serve out 
the com, and forage, which for security will be deposited at the park 
guard ; but on a march, when the com is carried on the ammunition 
waggons, no more com /should be taken off the carriages than is 
likely to be wanted, 

16. Buckets are provided for watering the horses on a march ; by 
this means they can be watered from wells, or places inaccessible to 
the animals, or at least to more than one or two of them at a time ; 
but the operation is a long one. If on a march a small river or 
stream of water is to be forded, this opportunity of watering them, 
or at any rate of giving them a mouthful of water in crossing it, 
should be seized : it saves much time. Should the stream, however, 
be very rapid, or deep, or should there be troops immediately in the 
rear, no halt should be made in fording it. 

17. The Serjeant-major is to superintend all parades, and drills, 
under the inspection of the officer on duty. The Quartermaster- 
Serjeant is to di-aw provisions, and forage ; he is to make out returns, 
and have charge of the spare stores. 

18. The Trumpeter is always to be quartered in the nearest billet 
to the commanding officer; and the men, and horses of each sub- 
division, and division to be as near together as possible. A gunner 
from each sub-division, or a gunner of the guard, is to be made 
acquainted with the quarters of the commander of the battery, that 
in any emergency there may be no delay in finding him out: the 
same applies to the officers of divisions as far as their divisions are 
concerned. 

19. The Farrier is to report every evening to the commanding 

officer the state of the sick animals ; and on the , (the particular 

days to be mentioned) a return, in writing, of the number of horse 
(and mule, if any) shoes, and quantity of horse medicines expended. 

20. The senior Collar-maker^ the Jobbing-smith, and the Wheeler, 
to make similar reports of the stores expended in their several depart- 
ments ; these reports to be delivered to the serjeant-major, to be laid 
by him before the commander of the battery. 

21. The Artificers are to work as near as possible to the park 
guard, the non-commissioned officer of which is responsible that no 
work is done, or horse shod, except for the battery, without written 
permission from the commander. 

22. The Forge, when employed, should be removed to a proper 
distance from the park. It should, at night, be brought back to its 
place, and everything arranged on it, so that, should the battery be 
suddenly ordered to march, there may be no delay. 
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LASSO. 

Lasso harness consists of a brown leather 'surcingle, and one trace.. 
The surcingle is rather wider than a common girth, and is composed' 
of two pieces (joined together by rings), one of which is placed over 
the saddle, and the other round the belly of the horse. There are 
also rings at the end of the surcingle, which is drawn very firmly 
round the horse, and fastened tight by lapping a white leather thong 
(fixed at one end of the surcingle) through these rings. There are 
two descriptions of traces, one being 8, and the other 12 feet long. 
They have hooks at each end, and, when the lasso harness is made 
use of by cavalry, &c., to assist draught horses iu moving very heavy 
carriages, or in dragging guns, &c., up steep hills, one of these hooks 
.is fastened to a ring in the surcingle, and the other to the carriage, &c. 

Lasso harness may be advantageously employed with all horses; 
even those unaccustomed to draught having been found perfectly 
tractable, and efficient the first time they were required to draw by 
means of the lasso. When two horses are in draught, the traces must 
be inside, and each rider should keep his horse's croup a little out- 
wards. 



EMBARKING, AND DISEMBARKING. 

The following directions will be found applicable to nearly all the 
cases likely to occur : such as embarking, or disembarking from a 
beach ; from a wharf; with, or without boats ; in presence of an 
enemy, &c., &c. ( Vide ** Field Battery Exercise.") 

Sec, 39. Embarking Guns, and Carriages, 

Preparations, 

1. On the arrival of the battery at the place of embarkation, it ia 
to be drawn up in as compact order as is consistent with the per- 
formance of the operations required. The horses are to be taken out ; 
the harness taken off, and packed in vats, and the stores in cases. 
When there are no vats and cases, the stores must be secured to the 
carrif^es, or tied together : the intrenching tools may remain with 
the carriages. The non-commissioned officers in diarge of sub- 
divisions will attach to their harness, and stores, pieces of basil having 
the number of their sub-divisions written upon them. The harness 
for each carriage should be embarked with it. 

2. The gun detachments will prepare the carriages for embarkation. 
They will take off the side arms, and secure them together, take out 
the elevating screws, unkey the cap-squares, unlash tiie ammunition 
boxes, and coil up the lashing ropes. Each carriage, when called for, 
is to be run forward to the boat, or crane; the gun is to be un- 
limbered, and dismounted ; the ammunition boxes, shjEifls, wheels, &c., 
to be taken off; the washers, and 1 inch-pins must be carefully put 
away in the slow match box, and in the small box between the limbec 
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boxes. Every** article must be stowed away with the greatest care, 
and arranged so as to be got at without delay. 

3. Those articles, whidi will be the last required when disembark- 
ing, are the first to be embarked. The divisions, and everything 
belonging to them, should be kept together as much as possible. The 
first to be etnbarked are the spare carriages, and forge, which are to be 
stowed forward, the left division next to them, and before the main 
hatchway ; the centre abaft the hatchway ; the right under the hatch- 
way. The whole of the guns are put together, generally in the 
bottom of the hold, vents turned downwards, and a fid in them, to 
prevent their being choked, 

4. When a battery is embarked in different vessels, every part 
should be complete, and a proportion of general stores be on boanl of 
each. If the voyage is likely to last some days, the cartouches with 
the ammunition must be taken out of the boxes, and stowed in the 
magazine. The ammunition must be so placed that whatever part 
belongs to any particular carriage may be got at without difficulty. 
When the cartouches are not taken out, the boxes must be stowed 
well aft in the hold, or between decks, and they should be well covered 
with wadmilltilts, or hair cloths. 

5. In embarking from a beach, it may be necessary to erect small 
sheers, made of a couple of top gallant masts, previously prepared for 
the purpose. In embarking from a wharf, if there are cranes, they 
should be made use of. If boats are employed, the loads must be re- 
gulated by the state of the weather, and distance of the vessels. 

Embarking the Worses, 

6. When the vessels can come alongside a wharf, the horses are 
hoisted in by means of tackle. The slings, made of canvas, should be 
minutely inspected, to see that they are secure. There must be a 
double guy made fast to the horse's head, one end on shore, the other 
en board, to keep his head steady. A shoeing smith should be iu 
each ship, to receive the horses. 

7. A horse requires at least four men besides the driver to sling him, 
oAe on each side, one at his breast, ai^ one behind. One end of the sling 
is passed under his belly, and both ends made to meet over his back ; one 
man passes his loop through the other, it is received by the man on 
the other side, who hauls it through, hooking the tackle to it, both 
men holding up the ends of the sling. The men at the breast, and 
behind bring their ropes round, and make them fast to the grummets. 
The driver holds the horse's head, and makes fast the guys to it. The 
horse being previously blindfolded, the word *' Hoist Away "is given, 
and he is hoisted on board. The sling is then taken off, and he is led 
to his place ; the first horses being always placed forward, or aft, as the 
ship fills ; the stalls nearest the hatchway being reserved for the horses 
which are to be first landed. 

8. The horses are to be embarked in the same order as the carriages, 
taking care that tiie officers* and non-commissioned officers' horses ace 
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on board with the divisions to which they belong. The farriers and^ 
shoeing-smiths should be distributed in ditfer«it ^ps. 

9. When horses are embarked in boats ; sheers, or a derrick, are* 
necessary. The head of the derrick must incline inwards when the 
hofse is rising, but when he is high enough the head of the derrick or 
sheers must be forced out, to bring the horse over the boat. Thi» 
applies to a beach, or wharf. Sand or straw should be put in the 
boats, to prevent the horses slipping. They should stand athwart,^ 
the head of one horse being on the starboard, and the head of the next 
on the larboard side. The drivers sit on the gunwale, or stand 
between the horses. 

10. When horses are embarked from an open beach without any 
appliances, they are to be led to the boat, and the halter given to one 
of the men in it. The horse must then be made to walk or leap into 
it, the gunwale of the boat being inclined towards the shore. A quiet 
horse should first be embarked, and the others will more readily follow. 

11. In embarking in presence of an enemy, the horses and carrii^es, 
should first be embarked, the guns being retained to the last, to repel 
any attack. If the position be a mile or two from the place of em- 
barkation, it may be necessary to retain a portion of the horses. 



APPLICATION OF FIELD ARTILLERY.* 
General remarks, 

1. In a defensive position, the guns of the largest calibre should bt 
posted on the weakest points of the line, and on those from whence 
the enemy can be discovered at the greatest distance. Those heights 
on which the enemy in advancing may rest his fianks, and those iron^ 
whence he may be fired upon obliquely, must also be occupied by the 
largest calibres. 

2. In an offensive position, the guns of the heaviest calibre should be 
placed in sudi situations as will render them available, without diffi- 
culty, for any operations in advance. In heavy ground, a nine, or 
twelve pounder battery, when coming into action, should reverse^ 
when it will be only necessary to drop the trail, instead of carrying 
it round by hand. 

3. The guns should be placed as much as possible under cover ; this 
is easily done on heights, by keeping them so far back that the 
muzzles are only to be seen over them. By proper attention, advan- 
tage may be taken of many situations, such as banks, ditches, &c. 

4. Artillery in the field should be concealed from the enemy till the 
very moment it is to open ; the guns may be masked by being a little 
retired, or by being covered with troops, particularly by cavalry. 

Ammunition toaggons, 

5. No positive rule can be laid down for all cases, with respect 



• From " Field Battery Exerdse," &c 
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to the ammanition waggons in presence of an enemy: this must 
depend on a variety of circamstances ; hut in general it will he found 
expedient to place them under charge of an ofBcer, who will conform 
to the movonents of the main hody, in such a manner and at such dis- 
tance, as to enable him to supply the guns with ammunition, before 
that which is in the limbers is expended. 

6. The spot selected for a battery should be one which does not 
present any obstacles to the ulterior movements. 

7. The most elevated situations are not the best ; the greatest effect 
may be produced at a distance of six hundred yards, from a height of 
thirty or forty yards ; and at two hundred yards distance from a 
height of sixteen. 

8. Round shot should be used from three hundred yards, upwards. 
The use of case should begin at three hundred, and the quickness of 
fire increase as the range diminishes. 

9. Double charges of case may be used at one hundred and fifty or 
one hundred and sixty yards. Shrapnel shells should not be used at 
a less range than six hundred and fifry yards. 

id. The guns should never be abandoned till the last extremity; the 
last discharges are the most destructive. 

On the march, 

1. Intelligent non-commissioned officers should be sent to recon- 
noitre a Y^aA or ground that artillery is to pass over, and, when 
necessary, to report the state of it. When the march is connected 
with military operations, an officer should always be employed for this 
duty. 

2. The officers of divisions should frequently halt, to see that their 
carriages are marching in proper order, and are well up. 

3. The strictest attention should constantly be paid to the correct 
preservation of distances, the loss of which may be made up by small 
bodies of artillery; but when in large bodies, or when acting with 
infantry, the operation is attended with serious disadvantage, par- 
ticularly to the latter ; it is a point, therefore, which cannot be too 
strongly insisted upon, being one of most essential consequence. 

Advanced Guard. 

4. A battery marching by itself should always have an advanced 
guard. In a narrow road it should be considerably in front, to stop 
all carriages which might cause obstruction. In a hilly road, it should 
reconnoitre the top of every hill, and see that it is all clear before the 
guns come up. 

5. Parties should always be sent out on each flank. 

6. When an accident happens to a carriage, either on the march, or 
manoBuvring, those in its rear should pass it on the most convenient 
flank, and fill up its interval. It will resume its place as soon as the 

damage is repaired, A waggon belonging to a disabled gun should 
always remain with it ; but a gun must not 'vaiX. i«t \\a ^Juea^^A 
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waggoD, bat leave only a sufficient number of men to put it into a 
proper state. 

Crossing fords, 

1. Artillery can cross a river about three and a half feet deep, 
though much depends on the strength of the current. The ammuni- 
tion boxes are so well made that the water will seldom penetrate 
through them, particularly if the river be narrow, and the guns pass 
quickly. The canvas cartouches afford additional protection, and they 
may be taken out if necessary. 

2. When the water is deep, and the current strong, great attention 
must be paid in fording. The person conducting the column over a 
direct ford should keep his eye steadily on an object on the opposite 
bank, which points out where the ford is : he must never look at the 
stream, which would deceive him, and would appear to caiTy him 
down, and he would endeavour to keep too high up the stream, and 
miss the ford. 

3. All those in the rear should keep their eyes on those in front ; 
every individual should wade rather against the stream, in oixler to 
resist its power. 

4. Troops should always cross a ford with the largest possible front, 
for the same reason. 

5. If the ford is not well known, and there is no guide, it should 
be previously examined, and the dangerous places marked. In fording, 
the horses should neither be allowed to trot, halt, or drink. 

Passage of military bridges, 

1\ Great attention and caution are required in passing over pontoon 
bridges, the vibratory motion of which is very dangerous, and should 
be lessened by every possible means. 

2. The troops, in passing, should not preserve an equal pace. There 
should be no halt on the bridge. As soon as the bridge is perceived to 
rock, the passage of the troops must be stopped. 

3. The greatest precaution is necessary to prevent accidents in tide 
rivers at low water. Unless battens are nailed across the chesses on 
the slopes, the horses will have the greatest difficulty in keeping their 
feet, indeed if the chesses be wet it will be impossible ; the men must 
therefore always assist ; holding on when going down, and manning 
the wheels when going up. 

4. The drivers must in some cases dismount, and an interval must 
be left between the carriages equal to their own length ; they must be 
passed over gently. In wet weather over chesses, great care must be 
taken to prevent the horses slipping. It may sometimes be necessary, 
unless the bridge be strong, to pass the carriages and horses over 
separately. 

5. In passing over a flying bridge, it may occasionally b^ «d;^^s^^<^ 
to take tiie horses out; and in bowteioxxs ^«a>^«, ^^ «X. \3:\^\.^*0si& 
wheels should be locked. 
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Crossing a hridgi, and passing a defile, 

1. The battery should always pass with the largest front possible. 

2. The artillery must be previously posted to the right, and left of 
the bridge ; if it be flat, and that the other side can be seen, a gun or 
two should be placed on each side, and close to the road leading to it ; 
these guns should cross first, and come into action on the other side, 
the remaining guns continue in action, and follow by d^ees ; they 
should be posted at such a distance from the bridge, that they may 
k^p up a fire while the others are crossing, and forming. 

Advancing through a defile, 

3. A defile should be passed as quickly as possible, as it is a much 
more hazardous operation than crossing a bridge. Artillery can 
seldom be made available till it has passed the defile ; whereas it can 

' generally be employed in clearing the opposite bank of a river, pre- 
vious to the troops pushing across. 

Over a bridge, 

4. In retreating over a bridge, the artillery will gradually close in 
from the flanks of the troops, till all the guns are in line in front of 
the bridge. They will cross by degrees ; the flank guns will gene- 
rally cross under the protection of the centre ones ; they may retire 
limbered up, taking up their position and coming into action to the 
right, and left of the bridge, ta protect the centre guns, which will 
retire with the prolonge, and with the largest front possible. They 
may halt on the highest part, or middle of the bridge, and keep the 
enemy in check. 

Retiring through a defile, 

5. A battery should retire from one of its flanks under the proteo 
tion of the other ; the covering guns retiring with the largest front 
possible. 

6. Should the defile be wide, and there are any favourable situa- 
tions in it, they should be taken advantage of, and guns posted to 
protect the retreat of the others. The situations must be such as the 
guns can retire from, and continue the retreat without difficulty. 

7. When artillery is retiring along a road, or through a defile 
which is hilly, some of the guns should halt on the tops of the hills, 
and protect the retreat of those in the hollow. In these cases, round 
shot may be fired with safety to the troops retreating, and perhaps 
with good effect against an enemy. 

8. The guns which are retreating, may pa&s those in position 
without halting ; they will take up other positions, the whole retreat- 
ing alternately. 

9. In retreating towards a defile, the artillery may retire in line, 
or by half batteries, or by divisions ; forming new lines and retreating 
a^n ; or it may retreat alternately ; or in echellon from either flank. 

This must depend on. the nature of the ground, and the flank on 
which the enenajr may be. 
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10. In these retrograde movemdnts, the anAfiQiinition waggons must 
be sent to the rear. One or two may be kept nearer thiMi tiie others, 
to supply ammunition. 

Artillery f acting with other troops, 

1. The artillery should always cover the troops whoi advancing, 
retiring, or deploying into line. 

2. When the line retires by alternate companies, wings, or bat* 
talions, the artillery must remain with that part of it which is nearest 
the enemy ; retiring with the prolonge, and halting when it arrives at 
the halted part of tibe line. 

In column, 

3. When tiitf troops are in oolumta, the artillery should be on the 
flank. 

4. When a line of troops wheels backward into column, the ar- 
tillery break into column, and close to the reverse flank, so as not to 
interrupt the line of pivots. 



ENCAMPING, AND PICKETING. 

♦ Sec. 29. First method. 

The battery being formed in line, at full intervals, the horses are 
picketed, and the tents pitched in rear. 

Prepare to encamp, and picket. 

At the word Prepare to Encamp, akd 1*icket, the drivers 
dismount and unhook; the markers take up an alignment twelve 
yards in rear of the battery, and facing it, for the line of pickets ; the 
marker of the centre division in the centre ; the others extend from 
him the number of yards there are horses in each half battery. One 
staff. Serjeant ten yards in tear of the centre marker indicates the 
alignment for the men's tents. The second staff serjeant twenty yards 
in rear of the other, to mark the spot for the captain's marquee. 
Nos. 1 and 6 unlash tents ; 4 and 5 of each sub-division are told off 
for the marqnee ; 2, 3, 7, and 8 take a picket each, 9 a maul, and 
the wheel drivers a picket line. 

Encamp^ and picket. 

At the word Enoamp, and Pioket, the numbers with the pickets 
form on the centre marker, facing tA the front, the numbers with the 
mauls in front of and facing them. 

The staff officer gives Outwards Faoe-^uick March, when 
the men with pickets extend outwards, dividing themselves at equal 
distance along the alignment taken up by the markers. 

The staff officer dresses them, and gives the word Steady, when 
the numbers with the mauls commenoe to diW^ \}bft '^v^c.^^ft. 



• firam " Field BaUmry ^s«K&a<* %(»* 
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The markers dismount, and assist the wheel drivers in making fast 
the line from centre to flanks, taking two half hitches round each 
picket, above and below the hook. 

The horses are then brought up, the marker's horse of the centre 
division in the centre, the spare horses on each side of him, the 
wheelers, centre horses, and tiie leaders of the centre waggon next, 
and the rest in succession ; the officers' and N.C. officers' horses on 
the flanks of their respective divisions. 

Fastening the horses. 

The horses are fiutened by the centre of the collar chains to the 
line, taking two half hitches round it ; the T end being also passed 
through the diamond link. 

Nos. 1 take up an alignment ten yards in rear of the pickets, for 
the men's tents. They are dressed by the staff serjeant. 

The centre of the tent is indicated by a peg ; liiey then drive four 
guy pegs to the front, rear, right, and left, at three yards distance 
from the centre one. Nos. 6 spread out the tents, and fix the second 
cord from each side of the door to the front peg, the flflh cord on 
each side to the side pegs, and liie rear cord to the rear peg. They 
then put the tent pole into the canvas, lying on the ground. 

Raising the tents. 

As soon as all is ready, the commanding officer gives the word 
Raise the Tents, which is done by Nos. 6. Nos. 1 , and 6 then 
drive in their pegs, and fasten the remaining cords. 

Preparing the marquee^ 

The second staff serjeant dismounts, and the position of tJbe 
marquee is indicated by two pegs, driven at a distance equal to the 
length of the ridge pole, on the spot where his horse stood. Nos. 4 
and 5 of each sub'division (being detailed for the marquee), fall in, 
and are told off by the second staff serjeant, from 1 to 12; as eight 
men only are required, the remainder are spare. 1, 2, 3, and 4 
spread out the roof, the outside on the ground, the door to the rear ; 
5 and 7 double the lining, lay it on the roof, and put in the ridge 
pole ; 6 and 8 put the standards together, and pass them through the 
lining ; 5 and 7 flx the girthing and ridge pole on the spikes. The 
inside being thus arranged, half of the roof is turned over in order to 
prepare the outside. Nos. 1, 2, 3 and 4 flx the vases on the spikes, 
and take two half hitches round them with the centre of each guy. 

The marquee is raised by 5, 6, 7 and 8, at the same time as the 
tents. Nos. 1, 2, 3 and 4 take a guy peg and a mallet each, stretch 
the guys, and fasten them to the pegs in such a manner that they 
cross each other at each side, at the point of the dirk, which is 
painted on the roof; they then drive in the roof pegs, working round 
to their left, with Uieir backs to the marquee ; the pegs on the sides 
to be driven in a line parallel to the marquee ; but at the ends in a 
half circle ; 5 and 6 then hook on the wall from rear to front, over- 
lapping two hooks at the rear, and peg it down ; 7 and 8 hook on 
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the lining, and peg it down ; 5, 6, 7 and 8 also arrange the door. 
If there is a second marquee, it is fixed in the same manner. 

As soon as the pickets are driven, Nos. 2 and 3 of each sab-division 
pitch the subalterns' tents, directed by the staff serjeant, ten yards 
in rear of the men's tents, in the centre of their division, the doors 
to the front ; Nos. 7 pitch the guard tent, twenty yards in front of 
the centre of the battery, the door to the front. 

Sec, 30. Second method. 

The battery being formed in line, at half intervals, the horses are 
picketed, and the men's tents pitched on each fiank ; the officers' tents 
in rear. 

At tiie word Prepare to Encamp, and Picket, the markers 
of the flank divisions mark twelve yards from the flanks of the 
battery for the line of pickets, facing to the rear. 

At the word Encamp, and Picket, the picket numbers of each 
half battery form on the markers facing the battery ; the numbers 
of the centre sub-divisions next the markers ; they are faced to the 
rear, extended at equal distances, and dressed by the officers of the 
flank divisions ; the distance they extend must be regulated by the 
number of horses in each half battery, allowing one yard for each 
horse. 

The men*s tents are ten yards outside of the line of pickets, facing 
the horses of their own sub-divisions, dressed by the staff Serjeants. 

The subalterns' tents ten yards in rear of the last line of carriages, 
and the commanding officer's marquee ten yards in rear of them. 

The guard tent as in the first method. 

All tile duties of picketing the horses, pitching the tents and 
marquees, are performed by the same numbers as detailed in the first 
method. 

Arrangement of the harness. 

If the harness is to be taken off, it is placed in line, ten yards 
behind the horses. The traces, breeching, and collars are put inside 
the pad, which is laid inside the saddle ; and Ibe whole is kept com- 
pact by buckling the surcingle of the saddle tight round it ; the bridles 
are laid over the cantles, which are towards the horses. 

Sec, 31. To strike the Encampment, 

The horses being harnessed and hooked in, at the word Strike 
Tents, and Pickets, the pickets are struck at once ; the tents and 
marquees prepared for striking by pulling up all the pegs except the 
guy ones. At the word Down, the whole are lowered together, and 
packed up as quick as possible. 

With a brigade of batteries, the commanding officer's marquee 
would be pitched fifteen yards in centre, and in rear of the whole, 
door to the rear, by the spare marquee men of each battery. The 
pickets and tents of the whole brigade would be pitched in line, 
dressed by the adjutant, and serjeant-major. 
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WEIGHT, DIMENSIONS, ETC., OF TENTS. 

BELL TENT, CIBCULAB. 

ft. in. iiu 

Standards, length . . 10 3 .in two pieces • diameter 2 

Pins, 40. Mallets, 2. 
Weight of Tent complete, 60 Ih. 



LABOBATORT TENT, CIBCULAB. 

ft. in. in. 

Standards, length . . 16 3 | jj^^ | diameter. | J^P^'^ * 

Mallets, 2. Pins—Large, 4; Small, 100. 
Weight of Tent complete, 2cwt. 10 lb. 



3 
5 



HORSES. 



The average weight of Artillery horses is 10 cwt. 2 qrs. 

An allowance of 27 sqaare feet is generally made for each horse 
standing at picket, or three feet in breadth, and nine feet in depth.* 
A horse should seldom be made to draw more than three cwt. besides 
the weight of the carriage. With great burthens, less weight must be 
allowed for each horse to draw than with medium burthens ; as with 
■a team of horses, the leaders cannot draw so much as the horses 
nearer the carriage, and the disadvantage must increase in proportion 
to the lengthening of the team. 

4 horses may each draw 6 cwt. Total, 24 cwt. 

A rn « 1 6 do. do. 5 do. 30 do, 

A 1 earn 01 < g ^^ ^^ ^^^ 3g ^^ 

12 do. do. 4 do. 48 do. 

These wdghts include the carriages. It is usual, however, in heavy 
carriages, to reckon all their weight exceeding twelve cwt. as part of 
the IcNsd. 

The most nseful mode of applying a horse's power is in draught, 
and the worst is in carrying a load. This is owing to the structure of 
the animal. It has been found that three men, carrying each 100 lb., 
will ascend a hill with greater rapidity than one horse carrying 300 lb. 
When a horse has a large draught in a waggon, however, it is found 
useful to load his back to a certain extent ; this prevents him from 
inclining so much forward as he would otherwise do, and consequently 
frees him from the fatigue of great muscular action. The best dis- 
position of the traces in draught is when they are perpendicular to the 
colbu*; when th« horse stands at ease, the traces are then mclined to 



* In the transport of hones to Taikey (July, ISSiJ In the Hfanalaya, and 
Simla steamers, the distance between the vprig^t posts was 2 feet 1 taich hi the 
clear per horse, and the length 9 feeW 
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the horizon, at an angle of about 15° ; bat when he leans forward to 
draw, the inces should then become nearly parallel to the road. The 
most proper inclination, however, is determined from the relation 
which subsists between the friction, and the pressure, in every par* 
ticular case. 

When a horse is employed in moving a machine, by travelling in a 
circular path, the ^ameter of the path ought not to be less than 
twenty-five or thirty feet^ and in most cases forty feet should be pre^ 
ferred : at all events, it must not be less than eighteen feet. 

MANAGEMENT OF DRAUGHT HORSES. 

Whatever the difficulties of a road or ground may be, ten horsed 
are as many as oaa be harnessed with effect to one carriage. It is 
difficult for a greater number to act at the same instant, even if the 
pull be straight. 

Before a carriage moves, the traces should be equally stretched out, 
that at the word ** March " every horse may act steadily at the same 
instant on the carriage, and not by jerks. 

The distance of one horse's length between the carriages is always 
to be maintained on the best road, to prevent fatigue and unnecessary 
stoppage to the horses. In bad or difficult roads it may be necessary 
to increase the distance to double, or perhaps more, according to the 
nature of the ground. 

After going up a short steep hill, the horses should be halted, but 
when that cannot be done, they ought to move slowly to recover their 
wind. Should the ascent be long, and steep, the road in a bad state,, 
or when from any other cause the exertion is likely to be veiy great 
for the horses, a part of the carriages should halt, the leaders of tiiem 
be hooked on to those in front, and when they arrive at the top, a& 
many leaders sent back as may be necessary. 

In going up a hill, a carriage may be halted to rest the horses, by 
bringing them across it, and locking the limber. 

Whenever the ruts are very deep, the carriages must quarter the 
road, and if the road is narrow, and sunk between banks, the horses 
should be left to themselves, and not be hurried. 

In passing over deep fiirrows, or small ditches or drains, the car- 
riages should cross them obliquely : when they are crossed perpen- 
dicularly, the hoj-ses not only encounter greater difficulty, but they, as 
well as the harness, suffer much from the jerks. The former line of 
march should be resumed as soon as they are passed. 

Jliixximum quantity of Labour, 

The following Table shows the Maximum quantity of ktbow, which 
a horse of average strength is capable of performing at different 
velocities, on canals, railwayis, and turnpike roads ; but in comparing 
this table with practice at the higher velocities, it is reckoned neces- 
sary to add one-third more than the useful effect for the total mass 
moved. 
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Useftil effect per Day iar a distance 


Velocities 


Day*. 


Force of 


of one Mile on a 


per hour. 


work. 


traction. 


Canal. Level railway. Level road. 


MUes. 


Hoars. 


lb. 


Tons. 


Tons. 


Tons. 


2i 


11-5 




520 


115 


14 


3 


8' 




243 


92 


12 


3^ 


5'9 




153 


82 


10 


4 


4-5 




102 


72 


9 


5 


2*9 


. 83i . 


52 


57 


7-2 


6 


2- 


30 


48 


6 


7 


1-5 




19 


41 


5-1 


8 


1-8 




12-8 


36 


4-5 


9 


•9 




9 


32 


4 


10 


•75 




6-6 


28-8 


3-6 



Result of experiments with a light four-wheeled cart, weighing with 
its load 1000 lb., drawn upon different sorts of roads (12^ lb. having 
been deducted from the force of traction for the friction at the axles, 
which were of wood) , 

18 \ Force of traction required 
26} I to move the carriage, inde- 

130| I pendent of the friction at the 

191^ j axles. 



Turnpike-road, hard, dry • 
Do. dirtj • 

■ Do. new gravelled 

Loose sandj road • • 




Note, — An ox can draw about 4 cwt, and a pair of oxen 9 cwt., on a level 
road. 

HORSE-SHOES. 

There are three sizes of horse-shoes in the service, and also a smaller 
size made for mules. 

lb. oz. 
\ (not including the weight of nails) ..70^ 
do. do. • . 6 4} 

do. do. • c 4 8^ 

do. do. • • 2 14 

NAIU3. 
LENGTH, WEIGHT, NUMBER, ETC. 

Istsize. r No. of nails* 8 9 10' 

Largest. \ No. of each required ... 16 8 8 

? No. of nails* 7 8 9' 

No. of each required . . . 8 12 12 

/No. of nails* 5 6 7* 

\ No. of each required . . .8 8 16, 

jyote,— These several nails are taiown by fairleTs according to their No. — 
vtM., when thej saj shoes require naUa, ^oa. %, %« \Q« ^.Y)iu& >ssi\i&»& \A!k\& ^t 
8, 9, and 10 pounds per thousand naUs. 



2nd size. 
3rd size. 



3h 



oz. 



oz. > 



oz. 



ai 



S CO 
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No. of Nails. 


Length of Nails. 


Weight of 1000 


188 


2} inches. 


10 1b. 


187 


2} - 


9— . 


186 


2| - 


8 — 


185 


2i - 


7 — 


184 


2i - 


6 — 


183 


2 — 
FORAGE. 


O 



Method observed in carrying one daxfs forage. 

NON-OOHMTSSIONED OFFICERS, AND TRUMPETERS. — One feed of 

oats in the nose-bag, and buckled to the near-ring of the saddle. 
Three feeds in the corn-bag, and carried across the saddle. Twelre 
poands of haj twisted, and rolled up into two bundles, each nine 
inches long, carried at the ends of the kitt, and made fast with the 
forage cord, one end to pass in front, and the other in the rear of the 
kitt, making it fast by two hitches. 

Drivers. — One feed of oats for each horse, carried in the nose-bags, 
and made fast to the rear staples of the off-horses' saddles. Three 
feeds for each horse (six feeds) in the corn-bag, carried across the 
saddle of the near horse. The hay is twisted and rolled up into two 
bundles of twelve pounds, each eighteen inches long ; carried on the 
off-horse at the ends of the kitt ; the end of one forage cord passing in 
front of the kitt, the end of the other forage coixl passing in rear of 
the kitt, both ends being made fast by two half hitches. 

If a waggon accompanies the battery, the officers' horses' forage will 
be carried in it; if not, the oats are to be divided between the sub- 
divisions, and the hay carried on the foot-board in front of the body 
of the waggon. 

In heavy marching orders when forage is not ordered to he carried, 

NON-OOMMISSIONED OFFICERS, AND TRUMPETERS. — ^The noSC-bagS 

are rolled up and buckled to the near-ring of the saddle. Forage cord, 
currycomb and brush, mane-comb, picker, and sponge, are made fast, 
to the off-ring. 

DAILT RATION FOR ONE HORSE. 

Oats. Hay or Grass. Straw, 
lb. lb. lb. lb. 

In Quarters ... 8 18 . . 6 

In Barracks ... 10 12 or 36 8 

A load of Hay, or Straw . • • • . 36 trusses. 
A truss of Hay •..••••. 56 lb. 
Ditto Straw 36 1b. 
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PART VII. 

VETERINARY DIRECTIONS.* 

The ordinary dose of every Mass is One ounce (Avoirdupois). 

No. I. — Cathartic Mass. 



Aloes^ Barbadoes ... 8 parts. 

Olive Oil 1 „ 

Treacle 3 



tf 



Dose, from 6 to 7|^ drams of the mass, which contains 4 and 5 
drams of aloes respectiyel j. 

Any horse to whom a dose of physic is given, should be fed on bran 
mashes, in lien of com, until its operation has ceased. If there be no 
cause for its immediate administration, let ample bran mashes be given, 
by way of preparation, in lieu both of hay, and com, during one day, 
and the ball administered the following morning, after the horse is 
sufficiently watered, and a couple of hours at least before his bran 
mash be given him. Exercise, also, during the day is advisable. The 
following day, early in the morning, after the horse has had water, 
with the chill taken off, offered him, till he refuses to drink more, let 
him be walked out briskly for one hour, unless he purge, in which 
case let him be returned to the stable, littered down, frequently 
watered, and plentifully supplied with bran mashes. But should tiie 
physic not operate at the expiration of his exercise, nor after he has 
remained the four succeeding hours in the stable, let him be exercised 
for another hour ; and he may be gently trotted at this time should he 
still show no signs of purging : let it be here understood, however, 
that in no case is a horse in physic to be galloped. To insui'e purga- 
tion, water is no less requisite than exercise. 

Should the animal continue to pui^ on the third day, let him be 
kept short of water, and without exercise ; if the purging still continue, 
give wheaten flour gruel, and hay ; no exercise. As soon as his dung 
shall have put on its natural appearance, and consistence, the usual 
ration of provender may be restored, and he may return to duty. 

When a sick, or lame horse requires physic, to which exercise would 
be injurious, or has not been properly prepai-ed with bran mashes, the 
dose may be increased by one dram ; and to him the ball may be given 
at any time, in order that its operation may be as speedy as possible. 
A dose of physic should never be repeated until the expiration of seven 
clear days from the setting of the previous dose. 



* Whenever a, Veterinary Surgeon is pteaeiQt, \bft«b \)iVsttc^<(»ia vt% \(^ \y^ 
coaaiderediD sbeyuDce, 
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Horses suffering fVom cough, discharge from the nose, or inflamma- 
tion of the lungs, are not to have purgative medicine administered, bat 
the febrifuge, or sedative mass should be given. 



No. n. — ^Febrifuge Mass. 

Nitrate of Potass . . . 3 drams. 
Tartar Emetic ... 2 scruples. 
Camphor 1 dram. 

Common mass, a sufficient quantity to form a ball, to weigh one 
ounce for one dose, which may be given once, or twice a day, for a day 
or two. 

In coughs, or discharge from the nose in which fever is present, this 
mass is especially useful. Let the animal be warmly clothed, littered 
down, be kept quiet in a well-ventilated box, and fed on equal parts in 
bulk, of bran and oats, mixed with cold water : head steamed with 
hot water, and a little hay, in a bucket. 



No. ni.— Sedative Mass. 

Extract of Belladonna . . 2 drams. 

Nitrate of Potass . . . 3 „, 

Tartar Emetic .... 1 „ 

Camphor 1 „ 

Common mass, a sufficient quantity to form a ball to weigh one 
ounce, which may be repeated once, or twice a day, for two, or three 
days. 

In case of inflammation 6f the lungs, these balls are especially bene- 
ficial. After having drawn from five to eight quarts of blood, accord- 
ing to the violence of the symptoms, and the apparent strangth of the 
animal, give a sedative ball once, or twice a day at regular intervals. 
Let the sides of the chest be well rubbed with some of the blistering 
liquid, clothe warmly, rnb the legs, and bandage with flannel ; keep 
the stable well ventilated. 

Should the symptoms be the same the next day, and the blister has 
not risen, it may be repeated with the additional application of it to 
the chest ; also, if the cough be frequent, to the throat ; — the sedative 
balls being continued, and clysters given. 



No. IV. — Diuretic Mass. 

Nitrate of Potass | ^^^ ^^^ 

HTrdSoap | Dose, one ounce. 

Diuretic balls may be given, one every third night, in all casa& vcv 
which they may be required : seldom is it ii«csseiKrj \a ^j^isox^^kc 
one ererjr other nigbt, and still more lareV^ e\ex>)^ xu^X^ 
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Should the flow of urine prove ahundaut, the horse frequently 
making efforts to stale, and groaning in so doing ; or, if he cannot 
stale, but appear to experience pain about the loins and hips, and be 
stiff in moving those parts, diuretic balls must on no account be given. 
Diuretics are beneficial in recent swelling of the legs : linen bandages, 
and walking exercise may be had recourse to at the same time. 
Diuretics are also useful in watery &rcy, dropsy, and puffy or watery 
swellings of all kinds. 

No. V. — Alterative Mass. 

Aloes, Barbadoes » • • 2 drams. 
Ginger 1 dram. 

Common mass sufficient to form a ball to weigh one ounce. 

To ill-conditioned horses that do not thrive, notwithstanding they 
eat, and appear otherwise in health ; to horses that rub themselves, or 
that have small lumps or bare places upon the skin (not mange), one 
of these balls may be given every fourth day, but not more than three 
balls altogether. 

Bruised com, hay cut 'into chaff, bran, and frequent and^ full 
supplies of water, contribute to restore such horses to condition. 
Walking exercise once, or twice a day, according to the strength of the 
horse, is also recommended. 

No. VI. — Anti-Spasmodic Draught. 

Spirits of Nitre . • • • 2 ounces. 
Tincture of Opium ... 1 ounce. 
Water .4 ounces. 

In the generality of cases of gripes this will prove sufficient ; but if 
the horse be not better in one hour, the draught may be repeated with, 
or without the addition of half a pint of linseed oil. Clysters also 
will be found of great benefit. When the horse continues alternately 
to lie down, and rise in the stall, and to roll upon his back, relief will 
frequently be given by walking exercise for ten minutes. 

Those cases in which the symptoms do not intermit, and in which 
the pulse and breathing are much quickened, are not gripes, but inflam- 
mation of the bowels. Take away from six to eight quarts of blood 
without loss of time, and give a draught composed of aloes, four or 
five drams ; powdered opium, two drams, dissolved in one pint of warm 
water ; give frequent clysters of warm soap and water ; rub well upon 
the belly a strong mustard poultice, composed of mustard, warm 
water, and liquid ammonia, or oil of turpentine, or a liniment com- 
posed of equal parts of oil of turpentine, and liquid blister. Hand-rub 
and bandage legs— clothe warmly. 

If the symptoms do not abate, give powdered opium, one dram every 
two hours in warm water ; continue clysters, and repeatedly offer the 
Aorse warm water to drink. The mvx&teiid i^\]itkft should also be 
^peated. 
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No. VII. — Vermifuge, and Tonic Powder. 

Sulphate of iron, 6 drains, divided into twelve doses, is a good 
remedy for worms — one dose to be given onoe a day in some bran 
mash, until the number is consumed. The horse may continue to 
work. 

It also is useful as a tonic, given in the same manner, the dose being 
doubled to horses that are low m condition, or recovering from the 
effects of disease, the medicine being aided by generous feeding. 



No. Vin.— Anti-purgation Mass. 

Extract of Catechu ... 1 dram. 
Cinnamon Bark • • • • 1 „ 
Powdered Opium. * • • ^ „ 

Common mass — sufficient to form a ball to weigh one ounce. 
' The above mass is very useful in all cases of excessive pui^ng, 
either from the effects of disease, or from an overdose of purgative 
medicine. The ball may be repeated two or three times a day, thick 
wheaten gruel being given at the same time. 



No. IX. — Discutient Powder. 

Sulphate of Zino . • • 4 drams. 

This, mixed with one quart of cold water, will be found a very 
useful application to sore backs, withers, shoulders, and to recent 
swellings from blows or injuries of any kind. Bandages wetted with 
this lotion may be used for sprains of the joints, and hack sinews. 



No. X. — Astringent Ointment. 

Acetate of Lead • • • • 1 part. 
Lard • 3 parts. 

This will be found useful in cases of grease, where the discharge is 
but little, and not very offensive. Apply a little to the heel, then a 
piece of fine tow, and over that a tailed bandage. Give walking 
exercise, and a diuretic ball occasionally. But should there be much 
swelling, and the discharge copious and fetid, apply a warm bran 
poultice, over which sprinkle some powdered charcoal, feed on bran, 
and give a mild dose of physic. )Yhen this treatment has had the 
desired effect, the ointment may be used with advantage. 



No. XI. — Ophthalmic Powder. 

Sugar of Lead . • • • 2 drams. 

So long as the eyes appear red, and \iifi^Tcv^, w3^^ ^^^kc ^sSsi^sfc 
should be niade use of, and with it \}ass^ *Yio\M \» >5js^'^ wKs^a»»:^^ 
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wet. Wlien the inflamioatioB is abated, sponge the eyes and eyelids 
MTeral times a day with a lotion, made by dissolving the sagar of lead 
in a quart of cold soft water. 

In all cases where there is much inflammation, a dose of physic 
should be given. 

No. XII.— Blistering Liquid. 

Powdered Cantharides . • 4 ounces. 
Olive Oil 1} pint. 

This is very useful as a couBter-irritant in all cases of internal 
inflammation (see Noa. 3, and 6). It is also useful in swellings, 
sprained joints or sinews/ curbs, spavins, &c., after the inflammation 
attending these diseases has subsided. 



No. Xin. — Digestive Ointment. 

Comra(m Turpentine ^ Equal parts, 
Hog*s Lard / melted together. 

This ointment is the best application that can be made use of in 
cases of treads, or wounds on the coronet> between hair, and hoof; a 
small quantity is to be spread upon a plugget of tow, and bound on 
with a bandage. It is likewise a good dressing for broken knees 
(when the joint is not open) or cuts, to promote healthy action.. 



No. XrV. — Turpentine Liniment. 

Oil of Turpentine \ ^ ^ ^ 

ouve oa / ^^^*^ P*^- 

In cases of sore throat, cough, and in all cases where a mild counter- 
irritant is required, this liniment will be found useful. 



No. XV. — Hoof Ointment. 

Tar 1 Equal parts. 
Lard / melted togetiier. 

This ointment is intended for brittle feet, or such as have sand- 
cracks ; also, with tow, to form the stopping to be placed under leather 
soles. 
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PAET VIII. 

CONGREVE ROCKETS. 

KoCKETS may be of great use whon a disembarkation of troops takes 
place in presence of an enemy, since Rocket men can land with the 
first party of Infantry, and commence firiz^ before any guns can be 
brought into position. Rockets will not only be useful against masses 
of Cavalry, and squares of Infantry, but, when guns cannot be brought 
up, may be of material benefit in dislodging an enemy from villages or 
houses, which could not be approached by Infantry alone without a 
considerable loss of men, and chance of failure. The larger rockets are 
of great service in bombardments, and sieges. 

Congreve Rockets are of four different natures — yiz., 24 pounders, 
12 pounders, 6 pounders, and 3 pounders. The cases are of wrought 
iron, and the rockets are driven upon the same principle as Signal 
rockets. Congreve rockets may be used either as ^ot, or shell-rockets, 
and the shell may be made to burst either at long or short ranges. 
Each rocket is fitted with a fuze screwed into the base of the shell ; 
this fuze is as long as the size of the shell will admit of, so as to leave 
sufficient space between the end of it and the inner surface of the 
shell, for putting in the bursting-powder, and the end of the fuze is 
capped to serve as a guide in the insertion of the boring-bit. There is 
a hole in the apex of the shell, secured by a screw metal plug, for put- 
ting in the bursting-powder, and for boring, according to the different 
ranges at which it may be required to burst the shell. 

ON FIRING BOCEETS. 

If the Rocket is to be used as a Shot-rocket, the only thing to be 
attended to, is to take care that there is no powder in the shells, and 
that the plug is secured in the plug-hole. If the rocket is to be used 
as a shell-rocket at the longest range, the plug is to be taken- out, and 
the shell filled, the fuze left at its full length, and the plug replaced. 
If at the shortest range, the fuze is to be entirely bored through, and 
the rocket composition bored to within an inch and a half of the top 
of the cone in the 24 pounder rocket, and to within one inch in the 
12, 6, and 3 pounder rockets. The distances from the surface of the 
shell to the top of the cone, and from the surface of the shell to the 
end of the fuze, and also, the length of the fuze being fixed and 
known, the place on the boring-bit at which to screw ^e stopper, 
whether for various lengths of fuzes, or lengths of rock^l <iacsvY5«^'s«>- 
to be left over the cone, is easily delcrmVn^^ VJaeafe ^\stXax!kRK8» "««^ 
marked on the brass scales for each iiat\ir« oi to^SssX., tsA^^SssaVs^sSi^ 
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of rocket compositfon available for boring into, and the lengths of 
fuze, are also set off and subdivided into tenths of an inch. 



ELEVATIONS, RANGES, AND LENGTHS OP FUZE. 

The 24 pounder, and 12 pounder rockets are very destructive 
against troops from 800 to 1000 yai-ds ; against buildings, &c., from 
500 to 600 yards : with 6 pounders about 300 yaids, and never at a 
greater range than 600 or 700 yards. 

The range and elevation of a 12 pounder rocket is 10 degrees of 
elevation for 600 yards, and 1 degree more is given for each addi- 
tional 100 yards, as far as 1250 yaids, the elevation for which will be 
16 degrees. 

The range and elevation of a 6 pounder rocket is 7f degrees for 
400 yards, and as far as 700 yards 1 degree for each 100 yards; and 
from 700 tu 1250 yards, half a degree increases the range about 100 
yards. 

24: pounders. — If the whole length of fuze is left in the shell, the 
rockets may be expected to burst at from 3300 to 3700 yards ; eleva- 
tion, 47 degrees. 

If the whole of the fuze composition is bored out, and the rocket 
composition left entire, the shell may be expected to burst at about 
2000 yards ; elevation, 27 degrees. 

If the rocket composition be bored to within 1 *5 inch of the top of 
the cone, the shell may be expected to burst at about 700 yards; 
elevation, 17 degrees. 

12 pounders. — If the whole length of fuze be left in the shell, the 
rocket may be expected to burst at about 3000 yards ; elevation, 40 
d^rees. 

If the whole of the ftize composition is bored out, and the rocket 
composition left entire, the shell may be expected to burst at about 
1300 yards; elevation, 15 degrees. If the rocket composition be bored 
to within one inch of the top of the cone, the shell may be expected 
to burst at about 500 yards ; elevation, 9 degrees. 

6 pounders, — If the whole length of the fuze be left in the shell, 
the rocket may be expected to burst at about 2300 yards ; elevation, 
37 degrees. If the whole of the fuze composition be bored out, and 
the rocket composition be left entire, the shell may be expected to burst 
at about 950 yards ; elevation, 13j degrees. If the rocket compo- 
sition be bored to within one inch of i^e top of the cone, the shell 
may be expected to burst at about 500 yards ; elevation, 9 J degrees. 

3 pounders. — If the whole length of the fuze be left in the shell, 
the rocket may be expected to burst at about 1850 yards ; elevation, 
25 degrees. If the whole of the fuze composition be bored out, and 
the rocket composition be left entire, the shell may be expected to 
burst at about 750 yards; elevation, 10 degrees. If the rocket com- 
position be bored to within one inch of the top of the cone, the shell 
may be expected to burst at about 500 yards ; elevation, 8 degrees. 
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Ranges, and Elevation of Congreve rockets. 
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Ranges. 


Elevation. 








12 Pounder. 


6 Pounder. 


Yards. 


Degrees. 


Minutes. 


Degrees. 


Minutes. 


400 






7 


45 


500 






8 


45 


600 


1 




9 


45 


700 


11 


30 


10 


30 


800 


12 


45 


11 


15 


900 


13 


30 


11 


45 


1000 


14 


• • 


12 


30 


1100 


14 


45 


13 


15 


1209 


15 




14 


• • 


1250 


16 




14 


30 



EXERCISE OF ROCKETS.* 

The 24 pounder is used for siege purposes. The 12, and 6 pounders 
are for service in the field. 

Exercise op 12, and 6 pounder, or Field Rockets. 
Telling off the Detachment, 
The detachment falls in, in rear of and facing the carriage, and is. 
told off as for gun exercise, 
t ** Form the order of march, Left face — Quick march." 

Disposition, and Duties of a Detachment of Seven Men, with a 12, and 

6 pounder Rocket. 

No. 1 stands one yard in rear of the tube, points, and commands. 



3 stands on the left of the tube, 
in line with its centre, ele- 
vates, and traverses. 

5 stands on the left of the tube, 
in line with the rear of it, 
primes, and fires. 



2 stands on the right of the tube, 
in line with its centre, ele- 
vates, and traverses. 

4 stands on the right of the tube, 
in line with the rear of it, 
brings up rockets, arrangea 
the priming, and loads. 

6 stands in rear of the carriage, 
assists No. 7 in preparing 
rockets. When firing shell 
rockets he puts in the burst- 
ing powder, &c. 



7 stands in rear of the carriage 
and prepares rockets. When 
firing shell rockets, he bores 
out the composition, assisted 
by No. 6. 

The following is the proportion of Stores furnished with Field 

Carriages, 

Two hundred and sixteen rockets with sticks. ) with 

Two hundred and sixteen bursters, ) 6 pounder. 

* From " SiSBVICE and MANAOEVEinr of OaDNANCB." 

t Words <^ comnMnd, 
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One hundred rockets wi^ sticks, ^ with 

One hundred bursters, / 12 poander* 

One rocket frame, comprising two cheeks, a prtf^leA 
elevating oar, and tangent scale, Tvoo funnels. One 
boring kock, Tu>o boring bits. One brass scale fitted ^ with both 
to bits. Two tumscrew bits. One grease box, natures. 
One tube pocket wi^ tubes. One lanyard with hook 
for friction tubes. 

To every other equipment not exceeding 144 Sockets. 

One stick for each rocket. One burster ditto. Two funnels. One 
boring stock. Two boring bits. One brass scale fitted to bits. Two 
tumscrew bits. One grease box. One tube pocket with tubes. One 
lanyard unth hook for friction tubes. 
One angle. One plummet unth line. One elevating) .^ 

chain. Two guy ropes. Two additional pieces for[ oa^'^j 
the cheeks. ) ^ 

On field service the bursters are carried in the limber boxes, in 
canvas cartoudies, similar to those in which the field ammunition is 
carried. The 12 pounder rocket carriage takes 50 bursters in each 
limber box, and the small stores in a box on the body of the carriage 
corresponding to the slow match box. The 6 pounder carriage takes 
108 bursters in each limber box, and the small stores in a box which 
is between the limber boxes. In mountain equipments the bursters, 
and small stores are carried in a box fitted to the pack saddle. 

♦ Action front, beab, bight, or left. Dbive on. Load. 
Elevate. Lower. Halt. Muzzle right, (or left). Halt. 
Priming, and Firing, as at Field guns. 

Exercise of 24 Pounder, or siege boccet. 

Deposition, and duties with seven men. 

When the detachment is in action, the disposition and duties of the 
numbers are the same as at the lighter natures. 

♦ Put the frame together at low order. Raise the frame. 
Reeve the guts. Sling the rocket tube, and fix the 
ANGLE. Adjust the fbame. Load. Tbaverse, when necessary. 
Muzzle bight, muzzle left. If greater alteration be required, 
than can be given by means of the guys, the cheeks of the rocket 
frame are moved in the named direction, Cheeks to the bight, (ob 
left). Elevate, when necessary. Priming, and Firing, as directed 
for Field guns. When the frame is fixed at Low order, the pry-pole 
forms an angle of 30 degrees with the horizon. If greater elevation 
than this be required, the frame must be raised to Ifigh order — 
45 degrees elevation ; or higher still — 50 degrees elevation. 

Pbepabe to baise the fbame to high obdeb. Join the 
cheeks. Raise the frame. Adjust the fbame. Load, etc. 
Pbepabe to strike the fbame. Stbike the frame. 



• Fnwtoo^coBMiiaTid— BiiAU.CJmtxia. 
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PART IX. 
SERVICE, AND MANAGEMENT OF ORDNANCE. 



Part I. — ^Elebibntaby Instruction in MoviNa Heavy 

Ordnance. 

Article 1.* — Lever, and Handspike. 

The lever is of essential use in the service of artillery. When it is 
six feet long, and three and a half inches square at the large end, 
called the ' point,' it is termed a handspike, a lai^er handspike 7 feet 
long is used with 68 pounder, 10 and 8 inch guns. 

The greater the length of the lever, the greater is its power. 

A man using a lever always applies his strength as near the end of 
it as he can. 

SleiDtng, 

To slew a gun, or mortar, strictly speaking, is to turn it on its 
axis without moving it from the spot on which it rests. This is called 
slewing the trunnions. 

If the piece to be slewed rests on skids, a handspike is placed close 
to it on each skid, bevel up, and on that side of it towards which it is 
to be turned. This is called scotching, or chocking, and the handspikes 
are called ** chocking handspikes." 

The term slewing is also applied to turning a gun, or mortar hori- 
zontally, upon a pivot. This is called slewing ** end for end." 

Pinching, 

Pinching is the operation of moving a gun, or mortar by small heaves 
of the handspike, without allowing it to turn on its aiis. It is moved 
little by little, and never raised in its progress, but rubs against the 
skid on which it rests. 

Cr083 Lifting. 

To cross lift a gun, or carriage is to move it in a direction nearly 
perpendicularly to its axis. 

Parbuckling. 

To parbuckle a gun is to turn it, on its axis, so as to cause it to 
move in either direction from the spot on which it rests. For this 



• The size of «'The ArtiUeTlsfs Matraal, kcV \»Vn%>\Tc\\iA,^KSc5 ^v«?<^^, 
of the Parts, and Abticlbs of * Ssuvicit a3S1> l&A.'VkkQiaiSSK^ ^'ft QBSSs.fc»K»'% 
Juu beea selected for the present pubU!ca\^iu 
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purpose the gun must be placed on skids, and, if it is to be moved up 
or down a slope, two 4^ inch ropes must be made fast to some suitable 
object on the upper part of the slope, the ends carried under the chase 
and breech of the gun respectively, round it, and up the slope. If the 
running ends of these ropes are hauled upon, the gun ascends ; if eased 
off, it descends. 

If the ground is horizontal, handspikes only are necessary to move 
the gun. 

Fulcrums, and Props, 

Any piece of strong timber of suitable dimensions may serve for a 
fulcrum, or a prop. It is called a fulcrum when used to support a 
lever, and a prop when used as a temporary support for anything 
else. 

Hilcrums. 

The distance of the fulcrum from the weight which is to be raised 
should be such that, when the lever rests upon the top of it, the point 
may be put under the weight, and the lever form such an angle with 
the horizon that, when it is heaved down, and the small end nearly 
touches the ground, the weight may be raised to the required height. 

Except with very heavy bodies, care must be taken, in placing a 
fulcrum, that it is inclined in a small degree towards the body, so 
that when the lever acts it may bring the fulcrum into a vertical 
position. 

Props, 

There cannot be a better prop than a quoin, when it is long enough, 
or a piece of wood of that shape, of proportionate size. 

If the wheels of a carriage are to be taken off, and the carriage 
propped, the trail should be first secured from slipping. 

The props are placed under each cheek, or under the shoulder of the 
axletree, with a slight inclination towards the carriage. 

When one wheel only is to be taken off, and the other scotched, the 
props may be placed vertically ; but practice alone will point out the 
proper position of props in all situations. 

* The point of the lever must not be withdrawn, until it is evident 
that the prop is well placed. 

Abticle II. — ^Lifting Jack. 

The lifting jack forms part of the equipment of every battery and 
battering train. It may be applied to many of the purposes for which 
a long lever is used ; but it is commonly employed to raise the wheels 
of carriages from the ground when they are to be greased, or ex- 
changed, and to extricate them from ruts and holes. 

The wheel opposite to that which is to be raised, must be scotclied. 

On soft ground, a piece of board must be placed under the foot of 
the jack, to prevent its sinking. 

There are at present three kinds of lifting jacks in the service : — 
(2) "The common lifting jack" is wed £ot ^ft\d <i«rcv«jga wiVj, 
T/ie arm, which may be adjusted, mtoi c«st\»Mi ^axskXa, \ft «qi 
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required height, is a lever of the first kind, and is applied accord- 
ingly. The body of the jack is the support on which it works. 

(2) ** The tooth and pinion jack " is of greater power than the 
common jack, and is used for heavy carriages. It is applied vertically 
under the carriage, which is raised by turning the winch of the jack. 

(3) ** The screw jack " is an elevating screw of large dimensions, 
and is of greater power than either of the other two. Like the tooth 
and pinion jack, it is applied vertically under the body, which is 
raised, like the breech of a gun, by turning up the screw. The foot of 
it is furnished with three spikes, to prevent its slipping when the 
screw is turned. 

These two last-mentioned jacks will be superseded by that proposed 
by Major Clerk. The new pattern jack is the elevating screw of the 
service, in a cast-iron conical box with metal top and triangular base. 
The length of the screw is 13 inches, diameter 2^ inches, pitch ^ inch ; 
length of lever 3 feet ; weight 64 lbs. This screw is fitted, near the 
top, with a horizontal toothed wheel, for the reception of correspond- 
ing teeth in the lever. The fixed end of the lever is connected with 
the screw by a collar and slot. When the lever is raised it has free 
motion round the screw ; when it is lowered the teeth are engaged, and 
a purchase is taken. The foot of the screw is fitted with a claw. The 
lever is in two parts for convenience of transport. To run the screw 
quickly down, the lever should be unshipped. Oil is used to lubricate 
the jack. 

Article III. — Rollers. 

Rollers are solid cylinders of wood, used in mounting guns upon 
their carriages, in shifting them from carriage to carriage, and in 
moving them on the ground. Their dimensions vary, according to the 
nature of the service for which they are intended. 

They can be used with advantage only on a perfectly plane and hard 
surface. 

When a gun is moved on rollers, they must be perfectly horizontal, 
or it will roll off them ; and even when the rollers are horizontal, 
steadying handspikes should be applied, to guard still further against 
such an accident. 

The rollers must be placed at right angles to the direction in which 
they are intended to move, projecting equally on each side of the axis 
of the gun, or other body, which they support. 

A gun laid upon rollers may be moved, either by hauling upon it 
with ropes, or by means of levers. In the last case, two holes crossing 
each other at right angles, are pierced near each end of the several 
rollers, and in them are inserted the points of iron levers, by means of 
which the rollers are turned in the required direction. 

Article IV. — Crab Capstan, and Temporary Windlass. 

A crab capstan consists of a barrel (iu iba.^^ «». ^w^&Xjootcv ^1 %. ^^\ij^^ 

and of a framework of wood and iron "by 'w\v\^V)tv^\i«rj^\^«Q:^'^'^'^^ 

j'n a vertical poiition with its largest d\aixv^\At xi^sA. V^'t ^wssA« '^'^ "'^ 
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furnished with two levers, called capstan hars, which are passed 
through mortices in the upper part of the barrel, and by means of 
which the barrel may be turned about on its axis. By means of the 
crab capstan, a few men, acting at the bars, can move weights which 
would be far beyond their strength, if applied in the ordinary manner ; 
and it may, therefore, be used with advantage, in many situations, in 
which it may be either difficult to conmiand labour, or desirable to 
economise it. 

One end of a rope is made fast to the weight which is to be moved, 
and is called the *' standing end." The other, called the ** running 
end,'* is passed two or three times round the lower part of the barrel, 
the loose or running end being kept above the turns, and stretched 
taut by the man who passed it round. As the barrel is turned, the 
standing end of the rope winds round it, forces the turns up the 
barrel, and clears itself. As fast as the running end comes off the 
barrel, it is coiled by a man appointed to that duty. 

The capstan, when used, is secured by ropes to pickets, or other 
holdfasts on the opposite side of it to that on which the strain acts 
upon it. 

Pabt II. — Serving, and Working heavy Ordnance. 
Artiole I. 

A gun detachment consists of one Non-commissioned officer, and 
nine Gunners. 

** Telling off." The men fall in, on their private parade, two deep, 
the non-commissioned officer gives the word " Tell off." The right- 
hand man of the rear rank numbers off ** 2," his front rank man ^* 3," 
the second man from the right of the rear rank ** 4," and so on. 

The detachment being in line, the non-commissioned officer is on the 
right of the front rank. 

The detachment is marched into the battery, and is halted in line, 
facing the parapet, and to the left rear of the gun which is to be 
worked. The detachment is now in the position of ** Detachment 
rear," or that which it occupies when it comes into the battery as a 
rdief, and whilst the relieved party is marching off. 

At the word " Take post under cover," No. 1 gives " To the right 
face," and, taking an oblique pace to his left rear, ** double march." 
The detachment, stepping off, wheels to its letlb at tJie left comer of the 
platform, the front rank filing to the left of the gun, the rear rank to 
the right ; Nos. 2 and 3 halting close to the parapet, and near the 
mouth of the embrasure, the other numbers forming upon their right 
and left in succession. No. 1 following in rear of the rear rank ; they 
face to the right about together. 

The detachment, now close to the parapet^ is in the position it 
should occupy when not actively engaged in working the gun. 

When there is no parapet the detachment files at once on to the gun, 
at the command, ** Take post at the gun," Nos. 2 and 3, halting in 
J/ae with the muzzle, Nos. 4 and 5 the tmnmoti*, "^os. ^ ^jad. \ thft 
reat. No, 1 the trail, and the whole in eckidVoii, mA \iasiw«^. 
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GENEBAL DETAIL OF DUTIES FOR DETACHMENTS OF TEN HEN 

AT ALL HEATT GUNS. 



No. 1 points, and commands. 

No. 2 searches, sponges, rams 
home, elevates. 

No. 4 clears the vent, serves it, 
pricks cartridges, traverses. 

No. 6 supplies side arms to 
No. 2, taps and cleans sponge if 
necessary, attends stool bed, ele- 
vating screw and quoin in laying, 
replaces No. I's handspike, has 
charge of water buckets, assists to 
load the projectiles for 8 inch, 10 
inch, and 68 pounder, and also 
hot shot. I 

The above numbers run the gun up. 



No. 3 loads, assists to ram 
home, elevates, uncaps fuze when 
in bore. 

No, 5 serves No. 3 with pro- 
jectiles, and wads if necessary, and 
traverses. 

No. 7 serves No. 3 with cart- 
ridge, primes, and fires. Has 
charge of lanthom, for night firing. 



No. 9 fixes and bores fuzes* 
assists to prepare, and bring up 
projectiles. 



No. 8 assists to prepare shells, 
and to supply gun with pro- 
jectiles, and spare stores when 
necessary. Brings up cartridges 
from magazine. 

No. 10 attends to the maga- 
zines, serves out cartiidges to 
No. 7. 

Besides the men told off as above, some will be required to move 
powder barrels, rivet on bottoms, fill shells, heat shot, &c. 

GENERAL LIST OF STORES REQUIRED FOR SERVICE OF GUNS 

ON STANDING CARRIAGES. 

Side arms. 1 sponge, j To be placed on the right of the gun, clear 
1 rammer. > of the detachment when under cover. Heads 
1 wadhook. j of side arms uppermost, and just below the 
crest of parapet. 

When in casemates, or blindages, or when 
there is no parapet, the side arms must be 
laid on the ground, parallel to the gun, 
heads to the rear, and supported to keep 
them off the ground. 

Two on each side of the platform close to 
the edge of it, front handspikes, or those of 
No. 2, and No. 3, outside, and two feet in 
advance of those of No. 4, and No. 5. No. I's 
handspike in rear of platform. 
Pritning irons for Garrison guns. Sets 1. In loop on right side of 

carriage. 

Thumstalls. 1. With No. 4. 



Handspikes, 5: \ 
points to the front. / 



Shot. Solid, or hollow. 
Grape. Case • • • 
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Cartridge cases. 2. / ^°A ** ^^ ^"'' "^'^ * cartridge, the other at 
^ \ the magazine. 

Tuhe Docket with atram 1 / Containing tubes strapped round 
i uoe pocKet witn straps, x. | ^^^ ^f j^^^ ^ 

Mallet. 1. Fuze wrench. 1. ) -p-.i • ^ n j 

Fnie bore™. 2. Trail box. X. [ ^'*^*'" '" "Y ^ 
Keys for shells. 2, . . ./ »fl»™P«t- 

„ for portable magazine • . 1. 
Lanyard, with hook. 1. With No. 7. 
Hammers, daw. 1. Ditto, wrench. 1. '\ -m-^ \t ■• 
Tangent scales, wood 1. Stop quoin. 1. / * * 

( Piled on left of gun, close to front of plat- 
form, the round shot enclosed in a large 
grummet, or garland. 

«T J . , .On left of shot ; the former for hot, the 

Wads, junk, or grummet | j^^^^, f^^ ^y J^^j 

Sliells, filled in boxes, ) Either in shell room, or under cover of para- 
Common. Shrapnel. ( pet, &c. 
Cartridges filled. In portable magazines. 

* ^ ^ * > In boxes in shell room, &c, one per shell. 
„ common, j » » r 

„ concussion. One per common shell. 

Tube fri t' n \ Three for two projectiles. In tube pocket, and 

' * / zinc cylinders in shell room, &c. 

Slow^tch '. } ^ """^^ proportion at magazme. 

Lanthom. 1. In charge of No. 7, 

Water bucket. 1. 

Grease box. 1. Broom. 1. Shovel. 1. Spade. 1. 1 In charge of 

Pick. 1. Sand Bags. 6. Spun yam » • « . j No. 1. 

^f^' ~1™»- J- I In charge of No. 1. 
„ spring. 1. j * 

Spare screws for sights. 4. 

Wrench for ditto. 

Shot gauge. 

EXERCISE OF GUNS ON STANDING CARRIAGES. 

Preparation for Action, 

Should the gun not be provided, at the words, "Prepare for 
action," the Detachment acts as follows : — Running to the store. 

The first first five numbers (1, 2, 3, 4, 5) bring up handspikes, 
and 

No. 2, assisted by No. 4, also brings up side arms. 
„ 4 priming irons. 

„ 3, and No. 5 the case, grape, and wads (the round shot is sup- 
posed to be at the gun). 
„ 6 water bucket, and elevating aci^w, U \}tk% casm^<& Ynsa Vmatv 
Btted with one. 
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No. 7 the tube pocket, tubes, lanyard, and cartridge case. 

y, 8, and No. 9 portable magazine, if required, and aftei'wards bring 
up, and prepare shells, in their boxes. When there is no shell 
room, the implements for boring, and fixing fuzes are kept in 
the trail box, and near the shells. 

„ 10 goes to the expense magazine. 

With trained men the detachment proceeds direct to the store, and 
brings up at once all that is required for the service of the gun. 

Article II. — Exercise op Guns on Travelling Carriages. 

Heavy guns require the following number of men for their service 
in the field, viz. : — 

Three Non>Oommissioned Officers, and thirty men, 
being necessary on the march for extricating the guns out of difficul- 
ties, — taking up positions, — laying temporary platforms, — placing 
planks under wheels and trail to facilitate working the gun ; — and also 
for affording three reliefs when engaged in siege operations. 

To shift a Gun from the Travelling to the Firing Holes, 

The wheels should, if possible, be on a level, and scotched. 

Words of command, " Shift the gun. Prepare to raise the breech. 
Bear down. Lower. Prepare to raise the muzzle. Lift, and heave. 
Halt. Prepare to raise the breecb. Lower." 

The operation of shifting from firing to travelling is the converse of 
this. 

Major Clerk*s Platform. 

This platform consists of — 

Two inclined planes 17 feet long, 12 inches wide, slope 3°. 

One front transom 7' X 16" X 4" laid flush with surface of ground, 
to which the inclined planes are pivoted. 

Two sleepers, one 7' X 6" X 3", the other 8' X 6" X 3", these are 
laid flush with the ground. 

One trail plank, 10' X 16" X 4". This plank is placed on the 
ground, so that the trail may rest on it. 

To lay the Platform, and mount Gun, ^ 

First. — ^Lay the front transom and sleepers flush with the surface of 
the ground, and level the ground between them. 

Secondly. — Run the gun into position, then, with a screw jack, 
raise one wheel, run the inclined plane under it, and pivot it to the 
transom. Then the same on the other side. The ribands should be 
inside, and the inclined planes parallel. 

Thirdly. — ^Lay the trail plank under the trail. 

To traverse. 

Draw out the iron bolts at the ends of the platform, then one man 
at each with a handspike, and two at trail of caxT\«k.^<i\ \X\fc\x«^ ^^ssssais. 
has to be shifted when much, traversing \s Tec\vx\T^. ^^ 

rAe iFAoieof the platform iscutout of alo^oi^M' V. ^'^^ ^^'^ * 
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and packs up into its original shape for travelling. Those parts of the 

Elatrorm which require strengthening are shod with sheet iron. The 
*ont transom and trail plank are furnished with spikes to secure them 
to the ground, and when packed, these spikes go into corresponding 
holes in the inclined planes, to keep them tt^ether ; if the ground is 
soft, a picket is required behind the trail plank. When used with a 
garrison carriage, the inclined planes are pivoted to holes. 
Weight 11 cwt. Tonnage [measurement] 30 feet. 

Abticle IIL — Exercise of Guns on Dwabf, and Casemate 

Platforms. 

The general duties of the detachment are the same as those before 
described. 

Some additional stores are required, viz., one preventer rope ; two 
truck levers ; two shod handspikes ; but two common handspikes only 
are necessary. 

At the command "Prepare for action," the diffei*ent numbers 
bring up the stores as before detailed, and in addition, No. 1 the pre- 
venter rope, who passes the eye over tiie r^^ transom of the platform, 
and under the rear transom of the carriage to No. 3, who bolts it to 
the fore axletree of the carriage ; Nos. 2 and 3 a truck lever each ; 
Nos. 4 and 5 a shod lever, both parallel to the platform on their 
respective sides, and a set of luff tackle each ; no handspikes ; they 
hook the fixed blocks to the eye-bolts in rear of the platform, coiling 
up the fails on the ground immediately underneath them. 

Article V. — Hot Shot. 

With some few exceptions the duties are the same as those before 
described. 

No. 3 puts a dry wad over the cartridge, and then a damp one. 

No. 5 as usual supplies 3 with wads, first a dry, then a damp one. 

Nos. 8 and 9 bring up hot shot on a bearer, in the same manner as 
they brought up shelb. 

The sponge must be frequently damped. 

The same stores are required as for the service of heavy guns with 
cold shot. Junk wads are indispensable, and those which are used 
wet should be of a low gauge. The shot also should be of a low 
gauge. 

XJiensils required for the Shot, 

One furnace^ or grate. One moving tool. One scraper. 
One pair of tongs. One poker. One rake. One shovel. 
One stand on which to place the shot in order to scrape them. 
One shot bearer per gun. 

Tioo tubs full of water, to soak wads, cool tongs, &c. 
Two or three water buckets, 

T^e furnace may be heated either with wood or coals, or a mixture 
of coal and coke, according to circumstaiicea. 
Oneffavgefor shoU 
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Loading. 

The powder most be in a good flannel cartridge, which must 
undergo the strictest examination, to see that there are no holes in it, 
lest in setting it home any grains should fall out. The gun should be 
slightlj elevated. 

Until the cartridge is placed in the bore, the loading proceeds as 
with cold shot. Over the cartridge is placed first, a dry, and then a 
damp wad : the whole is rammed home together by Nos. 2 and 3. 

If the gun has to be fired at a depression, or low angle, a wad is 
rammed home over the shot. 

Article YI. — Molten Iron. 

Shells of a peculiar construction, loaded with fluid iron, are used 
against objects which it is wished to set on fire. 

The metal is poured in until it shows itself above the filling hole ; it 
then receives a few blows with a hammer to flatten it, so as to present 
no obstruction to the rolling of the shell, if necessary. The shell is 
tiien turned with the filling hole downwards, and a wood bottom 
riveted on. For two or three minutes after filling, the shell may be 
readily handled, provided the man is supplied with a pair of founder's 
gloves, pieces of sand bag, &c. After that time it gradually heats 
until it becomes dark red, when a shot bearer is requisite. 

On striking the object the shell either acts as an ordinary hot shot, 
or it breaks up, and scatters the iron. 

The former result happens when about ten minutes or a quarter of 
an hour elapse between filling and firing, the latter when there is an 
interval of from one to five or six minutes only. The degree of 
fluidity of the metal, and its dispersion on striking, depend on the 
time it is allowed to remain in the shell. 

The metal is run down in a cupola, by means of a fan blast worked 
by hand ; the cupola is mounted on framing, supported on two 3' 9" 
wheels in front, and on two legs behind. Two ladders enable men to 
get on the top of the stage (forming a case for the fan) and charge the 
furnace. 

With the cupola are furnished two ladles, two hangers, two tapping 
bars, two rakes, two clearing hoops, one clearing plate, one tapping 
hammer, and two small filling funnels. 

The iron used should be, if possible, in small masses, such as old 
shot or shell. 

Article VIII. — Naval Slides. 

For the 68 pounder. \ Four additional men are required, numbered 
„ 10 inch guns. / 11, 12, 13, 14. 
„ 8 inch of 65 cwt. Two additional men, numbered 11, 12. 
These men are necessary in traversing; Nos. 11 and 12 coil up 
falls. 

Four sets of luff-tackle are required, brought up by Nos. 2^3^4, 
5 ;— Nos. 2 and 3 hook the moveable Uocks oi >i)ji^ tmwxvwv^-xj:^ \a^!^^s» 
to the eye-bolts, outside the cheek ia iiont •, 'Soa, At «5A ^ \r» 'Ocia ^e^'Js* 
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oa the levers at the rear chocks ; — Nos. 4 and 5 hook the moveable 
blocks of the traversing tackles to the eye- bolts at the rear of the 
slide ; — Nos. 11 and 12 hook the standing blocks to the eje-bol^ or 
l^llards at the sides. 
The loading is as before. 

Article IX. — Guns, or Carronades on Depressing 

Carriages. 

When, after being fired, the piece is to be loaded, it must be 
brought to such a position that the sponge may be clear of the 
ground, or sill of the embrasure. Short pieces are best suited for 
firing at great depression, as they are easily managed and quickly 
loaded. 

Article X. — Exercise op Ten, and Eight-inch Howitzers, 

The loading is as before described, except that No. 2, after sponging, 
reverses the sponge, and presses the projectile home. Should reduced 
charges be used as in ricochetting, they must be either lengthened 
with wads, or rammed home separately, and the same rule applies 
with all shell guns. 

At the word " Ready" the men step one pace from the merlon in 
order to be clear of the explosion, or if there be no merlon, Nos. 2 
and 3 take an oblique pace to the rear. 

Howitzers on perch-trail carriages are provided with friction levers, 
which bear on the naves of the wheels ; and chocks also are fitted 
over the trucks, in order to check the recoil. 

Article XI. — Exercise op Mortars on Standing Beds, and 

Ground Platforms. 

The detachment files on to the mortar from the rear, as with guns 
firing over a low parapet. 2 and 3 halt in line with the muzzle ; 
4 and 5 the trunnions ; 6 and 7 the rear of the bed. The front 
numbers close to the edge of the platform, the remaining numbers 
uncovering outwards. 

13 and 10 inch Mortars. 

1 N. C. officer and 9 men, 

1. Points, and commands. 



3, plants pointing rods; puts 
in cartridge; assists to put in 
shell ; runs up, traverses. 

5, runs up, traverses. 



7, supplies 3 with cartridges ; 
assists at his handspike, and fires. 

9, assists to prepare and bring 
up shells, and puts them in. 



2, sponges ; assists to put in 
shell ; runs up, traverses. 



4, attends the vent; runs up 
and traverses. 

6, hands sponge to 2 ; assists 
at his handspike ; wipes shell. 

8, supplies cartridges from the 
magazine ; assists to prepare and 
bring up shells, and puts them in. 

10, at the magazine. 
With. 8 inch mortars, 7 men oiAy we Tfec\v>\Tfe^» 
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No. t points; commands; hands sponge to No. ^, 



2, sponges; traverses; runs 
up ; wipes shell. 

4, attends the rent; runs up, 
and traverses. 

7, at the magazine. 



3, runs up, traverses, provides 
cartridges, and puts it in; plants 
pointing rods. 

5, assists 8 to prepare shells ; 
fires ; runs up ; and traverses. 

6, prepares shells ; brings them 
up ; and puts them in. 

With the smaller mortars, 5^, and 4J inch, 3 men are sufficient. 

The shells ought always to be deposited behind traverses raised for 
the purpose, or in other sheltered places, and one or two men, accord- 
ing to circumstances, should be appointed to scrape and clean them 
inside and out, and prepare them for the powder and fuzes. 

The following stores are required for the service of Mortars. 

One sponge to be placed on the right of the mortar, the sponge head 
to the front, and supported to keep it free from gravel. 

One scraper for two mortars. 

One cartridge casey for bringing up the cartridge ; or a paper or. 
leather case, for loading when the powder is loose. 

One beam hook, for 13 inch, One pair of hand fiooks, for 10 inch. 

One piece of cord, for 8 inch. 

Four-hand^pikes, for 13, 10, and 8 inch. Two on each side of the 
platform, as directed for guns. 

Two pointing-rods, or pickets^ If for masonry parapet, set on a 
2 inch plank, 4' long. 

One plummet with line, in charge of No. 1. 

Apiece of sheepskin or an empty sand bag for wiping the bottom of 
the shell ; to be placed on the right of the sponge. 

One quadrant, j 

One perpendicular, / for every four or five mortars. 

One fuze engine, J 

One tube pocket. * 

One lanyard with hook, for friction tubes. 

One set of priming irons. One filling funnel. One mallet. 

Tuoo setters. One centre bit. Chalk prepared. 

Shells, of the calibre of the mortar, and also 4J inch for volleys, in 
boxes. 

Found shot, in boxes. Bottoms, for ditto, Lcmtlwm. 

Fuzes, Mortar. One winch hammer. Carcasses, 

Square quoins, for friction tubes, 15°, 75°. 

At the Magazine, 

One budge barrel. One set of weights and scales. 
One set of powder measures. 
Cartridges, empty, worsted, lbs,, Scissors. 
The mortar is prepared for action on the sam^ ^xvci&v^^ ^& 5ga»ak 
are. 
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No. 1 oommands, and regalates the charge of powder and length of 
fuze. 

Laying Mortars. 

Mortars are nsnally fired from behind parapets, the height of which 
prevents those in the interior of the battery from seeing the object 
fired at, unless they expose themselves. The mortar is, therefore, 
laid, not directly on the object, bat upon two pickets, called pointing 
rods, which are placed in front of each mortar, and in the verticiQ 
plane, passing between the centre of the platform, and the object to be 
struck. 

These pickets are formed of two | romid rods of iron, of about two 
£eet long. For masonry works they must be placed on a fir plank, of 
about one foot wide, four feet in length, three inches thick, and about 
six inches from each end. The plank should be fitted with a 
grummet or handle at each end. In earthworks two ramrods will 
answer for pointing rods. 

Should there be no banquette, the rods must be placed on the top 
of the parapet. 

Carcasses, and Light Bdlh, 

VHien carcasses, or light balls are fired, the 13 and 10 inch are 
brought up in the same manner as shells ; the 8, 5^, and 4f inch in 
tiie palms of the hands. No. 2 wipes the bottom of the carcass, 
imcovers the holes, and loosens the priming. 

Light balls, both ground, and parachute, are fired with very reduced 
charges. 

Pound Shot, and Stones. 

When pound shot, or stones are used, they are brought up in a box, 
or basket, to the front of the mortar, in the same manner as shells. 
The No. who brings up the cartridge, brings up a wooden bottom, 
which 3 places over the powder. Nos. 2 and 3 empty the shot into 
the mortar, and give the empty basket to 6» 

Article XIII. — ^Firing by Night. 

To insure as accurate a fire as possible during the night, the follow- 
ing expedients have been adopted : — 

For guns on garrison carriages. — ^A directing bar, or piece of 
timber, about a foot or eighteen inches longer than the platform, and 
four inches by six in thickness, is used. It has a hole at one end, 
through which a bolt is passed into the platform close to the hurter 
and in the object line. On this bolt the bar traverses. At equal dis- 
tances from the axis or middle line of the carriage, two cleats are 
bolted under each axletree, at a distance from each other equal to 
the breadth of the bar, and the bar is passed under the caiTiage and 
fitted between these cleats. Holes are bored at the tail of the plat- 
form, for the reception of bolts, at distances from each other to suit 
the size of the bar. The gun is laid for the object during the day, and 
should the bar fall exactly between two holes, the bolts are put in, and 
tie bar remains ^xed. When, however, V^e \)ai c«>\«^ «b\iQ\t,\Vft 
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bolts are put into the nearest holes on each side, and small wedges 
driven in between them and the bar, in order to keep it in its place. 
The gon now requires nothing more afler each round than to be 
loaded, run up, and fired ; operations which are as easily performed by 
night as by day. 

This arrangement is not suited to guns on rear chock carriages. 

For Quns en travelling carriages, — The gun having been properly 
laid during the day, a bead, or piece of timber of a proper scantUng is 
nailed or screwed to the platform, inside the felloe of each wheel, and 
parallel to the object line, and two shorter pieces are fastened in like 
manner outside of the cheeks of the carriage, at the trail. 

By a proper application of the scotches, every description of tra- 
versing platform can be made available for night firing. 

When the foregoing expedients cannot be resorted to, the platform 
and the carriage should be chalked in different places, and when the 
gun is run up, these chalk marks should be made to correspond. A 
lantern, in this cas^ is always required. 

The elevating screi^ must also be clamped, or the quoins lashed. 

For Mortars, 

Ati/st the mortar has been accurately laid, a plank, thin enough to 
go under the running-up bolts without touching them, is placed 
against the outside of one of the cheeks of the bed, and nailed or 
screwed to the platform, and the mortar, after eveiy round, run up to 
it. If a suitable piece of plank cannot be procured, the platform must 
be chalked dose to the mortar bed. 

Part III. 
Article I. — Sledges 

are constructed of beams 10 inches in depth, 6 inches in thickness, 
and 10 feet 3 inches in length, parallel to each other, at the distance 
of 1 foot 5 inches apart, and connected by wooden transoms. They 
are easily put together, and have been found of great service in small 
expeditions, in which recourse has been had to the Navy for ships' 
guns, to carry on operations on shore. 

If the ground be of a marshy, or shingly nature, the under part of 
the sledge must be covered with planks to prevent mud, stones, &c., 
from accumulating in front of the transoms ; and, if there be tim^ the 
under part of the side pieces should be shod with iron, to prevent 
them wearing away. 

There is a narrow description of sledge, which is made use of to 
move guns along sally ports and similar narrow passages, and up the 
ramps of fortifications. Guiding ropes are made fast to the rear of the 
sledge, and manned towards the rear, crossing each other, so that the 
men haul upon that which is fixed to the side farthest from them. 

Article III. — Sling Cart. 

This cart is used for moving heavy ordnance, not exceeding ^^^^K\..<k 
on hard, level roads. 
The cart weighs 15 cwt. 
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One Don-oommissioned officer and six men are required to work it. 
They are numbered as for gan drill. 

Articles required with the cart : — 

One sling, of six inch white rope, two fathoms long, with an eye 
splice at eadi end. 

One almg tie. 
, One inch tarred rope, two feet long. 

(hie prypole, fitted with a prypole rope, 2 j- inch, three fathoms. 

TtDo levers, six feet nine inches long, fitted with two lever ropes, 
two inch tarred, two fathoms long. 

Two pawls. 

Two common handspikes. 

One piece of short skidding, 4} feet long, fire or six inches square. 

The detachment halts about three yards (the position of *' Detach- 
ment rear "), in rear of, and facing the cart, which is supposed to be 
provided with its stores — viz., the sling on the windlass, the hand- 
spikes and levers lashed to the prypole. The gun to be slung is on a 
short skid. No. 1 gives the words *'Form the order of exercise," 
** right face — left wheel — quick march." The ranks open out ; the 
front rank discovering the left wheel ; the rear rank the right. They 
are halted at one pace from them. 

IHsposition, and Duties of the Men. 
No. 1 attends to the pawls, and commands. 



Left side. 

3 has charge of the left lever, 
and skids the gun when neces- 
sary. 

5 has charge of a handspike, 
assists 3 at the lever and skidding, 
and raises the weight when it is 
to be lashed. 

7 assists 3 at the lever, slings, 
and unslings the gun, and lashes it 
to the prypole. 



Bight side. 

2 has charge of the right lever, 
and skids the gun when neces- 
sary. 

4 has charge of a handspike, 
assists 2 at the lever and skidding, 
and raises the weight when it is 
to be lashed. 

6 assists 2 at the lever, slings, 
and unslings the gun, and lashes 
it to the prypole. 



Words of command. — ** Unlash. Slew the gun, raise the trunnion 
on the right. Halt, cast off. Back the cart. Fix sling to right of 
windlass. Overhaul, and sling gun. Heave in the slack. Work 
levers. Halt, out levers. Lash up the breech. Heave. Trap, and 
make fast. Lash levers, and handspikes." 

Unslinging. 

In Unslinging, each No. undoes what he has done. 
Words of command. — ** Prepare to unsling. Levers take purchase 
to lower. Bear down. Ease off. Unsling." 

Slinging a Mortar. 
A Mortar is slung with the muzzle towards \ive t^w. It is slewed 
I/Ae a guD. The sliiig i§ then put on close to ^3QA Vxu\m\QiDA. 
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UnsUngmg a Mortar, 
See — ^Unslinging a Gun. 



Slinging a Mortar Bed, 

The windlass for raising Mortar beds is generally of a different 
construction from that of guns, being square in the middle, and 
cylindrical at each end. Both ends of the sling are put on the pins 
placed for that purpose on the square part of the windlass, which in 
this case bears the whole weight. The bed is slung with the front 
part towards the rear of the cai*t. 

Uhslinging a Mortar Bed 

is just the reverse of slinging; each No. undoing what he had pre- 
viously done. 

Aeticle IV. — Sling Waggon. 

The sling waggon weighs about 29 cwt., and is employed for 
moving heavy ordnance, standing carriages, and traversing platforms. 
It requires a detachment of one non-commissioned officer and eighl 
men. 

The following articles are required with the waggon • — 

One sling of six inch white rope, 2^ fathoms long, and having an 
eye-splice at each end. 

One sling tie of one inch tarred rope, two feet long. 

One breech rope, or carriage sling, of 2^ inch tarred rope, six 
fathoms long. 

TvDo levers, six feet nine inches long, fitted with 

TiDO lever ropes, two inch tarred rope, 2^ fathoms each. 

Two pawls. 

Four common handspikes. 

Two pieces of skidding, about four feet long, and six or seven inches 
square. 

One pair of strong dragropes. 

One wrench hammer. 

The detachment is numbered in the usual manner, and takes post 
for exercise as at the sling cart. 

Disposition, and Duties of the Men. 

No. 1 attends to the pawls and commands, keys, and unkeys keep 
chain. 



Left Side. 

3 has charge of the left lever 
and skidding, scotches the wheels 
in rear. 

5 has charge of a handspike, 
assists 3 at the lever, scotches the 
wheels in front, fixes the carriage 
sljjjg, if necessary. 



Sight Side, 
2 has charge of the right lever 
and skidding, scotches the wheels 
in rear. 

4 has charge of a handspike, 
assists 2 at t\\ft \es«v, %^'a\*^'4a '^^ 
wheels in ^roiit, ^i.^^ 'Cwi ^sMrcvasi^ 
\ sling, \£iLece&s»r^. 
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Sight Side. 

6 assists 2 at the lever, slings, 
and tinsliogs the gun, lashes tiie 
breech, handspikes and levers. 

8 keys, and unkeys the draught 
chain, and fixes the breech rope. 



Left Side, 

7 assists 3 at the lever, slings, 
and unslings the gun, lashes the 
breech, handspikes, and levers. 

9 assists in unlimbering, and 
limbering up, and fixes the breech 
rope. 

The whole assist to limber up, and unlimber. 

Position of the gun, and carriage. — The gun is supposed to be 
lying on skids, and its carriage on one side, with its breast nearly in 
line with the breech. 

The gun is slewed as at the sling cart exercise, and the waggon is 
run over it (the even numbers on the right side, and the odd on the 
left), until the axletree is over the trunnions and ihe perch over the 
breech. The handspikes, levers, and sling, as at the sling-cart exercise. 
The windlass is supposed to be pawled. 

Words of command. — " Prepare to unlimber. Unlimber. Lower. 
Prepare to turn the gun-caniage over. Heave. Off trucks. Lift the 
rear of the carriage, and place the lever. Mount the carriage. Heave. 
Work levers. High enough. Out levers. Off sling. Raise the rear 
of the carriage. Out lever. Prepare to limber up. Limber up. 
Back the waggon. Scotch the hind wheels. Put on the trucks." — 
" Sling the gun, work levers," &c., as in the Sling cart exercise. 
** Prepare to raise the breech. Raise the breech. Trap, and make fast. 
Place stool bed, and quoin. Lash up levers, and handspikes." 

Dismounting the Gun, and Carriage, 

Words of command. — *' Place skids, unlash, and scotch the wheels. 
Unlash the breech, Levers take purchase to lower. Beai* down, ease 
off, unsling, as before." 

** Prepare to unlimber. Unlimber. Dismount carriage. Turn the 
carriage over. Limber up." 

Slinging Howitzers. 

A Howitzer is slung in the same manner as a gun. 

The manner of mounting a howitzer carriage differs in one respect 
from that of mounting a gun carriage ; the width of the axletree arms 
of a 10 inch carriage being nearly equal to the distance between the 
wheels of the sling waggon, it is necessary that the trucks be put on 
one at a time, the carnage being pinched as far as possible to the 
opposite side, in order to make room for the operation. 

In consequence of the cheeks not having steps, the carriage, after 
having been mounted, requires to be lashed. 

Slinging Mortars. 
A 13 inch mortar, and its bed, require each a wa^on for itaelf ; 
but a 10, or an 8 inch mortar can be conveyed on its bed, by one 
waggon. 
A 13 inch mortar, lying on sVids, \« aVeve^ \\V^ %. ^gosv^lVv^ %Ung; 
being passed round close to both tranmouS) vn^ ^ '^^aa <^1 ^^tl iic!^> 
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ding put into the mozzle, by which to lash it to the perch. The 
muzzle is raised and secured in the same manner as the breech of a 
gun. 

Jb place a 13 inch Mortar on its Bed by a Sling Waggon, 
The sling waggon to which the mortar is attached is brought over 
the bed. A handspike is laid on the ground on each side of the bed, 
opposite the front of the fore transom ; and, when the mortar is far 
enough back, a handspike is also placed under each trunnion, clear of 
the ding. The muzzle is then unlashed, the breech lowered, the 
sling taken off, the two handspikes on which the breech rests taken 
out, and the trunnions placed in their holes. A handspike is next laid 
on each side, opposite the dolphins, and the waggon is run forward, 
until the rear of the axletree is clear of the upper part of the face. 
The waggon is then unlimbered, and the wheels are then loell scotched. 
The bight of the sling is then placed imder the lower lip of the 
mortar, and the ends brought up in rear of the axletree, and hooked 
on to the windlass, which is worked in front, until the muzzle is high 
enough. The quoin is then put in, and the capsquares are replaced ; 
after which, the sling is slackened, until the muzzle of the mortar rests 
on the quoin. The sling is then taken off, and the waggon is re- 
moyed. 

Slinging a 13 inch Mortar Bed, 

The mortar bed is traversed, and the waggon backed over it, in 
such a manner that the front of the bed may be next the shafLs. The 
front of the bed is then raised by passing the bight of the sling under 
the front horns, and hearing upon the windlass, until it is high 
enough to allow the sling to be passed through underneath it. In this 
position it is propped with a skid, or the quoin. The windlass is then 
turned backwards, the sling is slackened, and one end of it is unhooked 
and passed through underneath the bed, about two inches behind the 
centre of gravity, or in rear of the centre of the trunnion holes. The 
end is then brought up, and the eye is hooked on the windlass 
again ; the same number of turns should be taken round each barrel. 
The windlass is then worked, and the bed raised to its proper height. 
The front part of the bed, which is still resting on the skid, is next 
raised by handspikes, by Nos. 2, 3, 4, and 5 ; 6 and 7 passing the 
ends of their ropes round the running up bolts and over the perch, 
where they are double manned by 8 and 9. The bed is then raised 
till the underside is horizontal ; after which a second turn is taken 
round the running up bolts. The whole is then frapped, and made 
fast with a reef knot. 

Slinging a 10, or 8 inch Mortar, and Bed, 

Ten, or 8 inch mortars are not dismounted for slinging. Their quoins 
are taken out, and the mortar is laid on the front transom, with its 
muzzle to the front. All the other parts of the operation are the same 
as detailed in the preceding paragraph, except ttvat \}(v& ^vcv^^vcl ^-^^st 
that it may be under the centre of gravity oi \k'ft\o«A.,T£iws\.\ift'^"»^'^ 
aoder the bed, about two inches in fr<mt o£ t\ift oenXTfe Q^ >jQft Xyoasssvssvsa.. 



182 SERVICE, AND MANAGEMENT [PART IX. 

Abticle VI. — Tbianqle Gyns. 

There are two patterns, the 18 feet, and the 16 feet. The former 
are for general sei^vice; the latter are applicable only to moaAting 
guns on travelling, or standing carriages, platform waggons, &c. 

The rear of the gyn is the part where the windlass is fixed. The 
front of the gyn is the prypole. 

One non-commissioned officer and 12 men can raise and work either 
gyn, and carry it very short distances; but if they are to be trans- 
ported more than 10 or 12 yards, they should be placed in a hand cart. 

The detachment is halted in line facing the rear of the gyn, or 
the windlass. 

Words of command. — ** Take post on the gjm, right-face, left-wheel, 
quick march." The ranks open out, the front rank covering the left 
cheek ; the rear rank, the right. They are halted at one pace from 
the cheeks. 

Stores required for the Service of the Gyns. 

One fall, Scinch white rope, 96 feet long ; but only 72 feet for the 
small gyn. 

The windlass is similar to that already described for the sling 
waggon and sling cart. 

TtJDO levers and lever ropes, 

On^ triple block. 

One double block. 

One sling, of six-inch white rope, of a length to suit the di- 
mension of the gun, or other object which is to be slung. 

One single lashing rope, 2^iuch, for slinging mortars. 

One piece of spunyam, uiree stranded, 1^ fathom long, for 
seizing the clinch of the f;Edl. 

One ditto, one fathom long^ for seizing the stopper. 

One fid, for slinging the gun ; or, — 

One short piece of skidding, for tJie same purpose, for slinging 
mortars and howitzers. 

One hammer, and one wrench hammer. 

Three trucks, or small pieces of board, four inches thick, with 
a hole in the centre of each, to receive the spikes of the feet of 
the gyn on soft ground. Handspikes laid upon the ground, and 
on each side of the several spikes, will answer this purpose. 

One pair of dragropes. ^ 

The gyn should be placed, if possible, on levd ground. 

Disposition, and Duties of the Men. 
No. 1 commands. 



^ 



en 

I 
I 

-3 



Left side. 

3 has charge of the left lever, 
keys, and unkeys the left cap- 
square, runs the carriage up, or 
hack. 
5 assists 3 at the lever, runs 
i^ie carriage up, or back. V ^^ cuna^ xx^, ot \».^ 



\ 



Bight side. 

2 has diai^ of the right lever, 
keys, and unkeys the right cap- 
square, runs the carriage up, or 
back. 

4 %si^«^ft 1 «.t the lever, rona 
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Left side, 
7 assists 6 to pass the fall 
round the windlass, holds on next 
to him. 



9 holds on the fall behind 7, 
and coils it up. 

11 reeves, and unreeves the 
triple block, if necessary, assists 
in slinging the gun, and steadies it 
on his own side. 

13 assists to. work levers. 



Bight side. 

6. passes the fall round wind- 
lass, holds on the fall and makes 
it fast, eases off the £dl, and 
lowers the gun. 

8 holds on the fall behind 6. 




10 reeves, and imreeves the 
double block, if necessary, assists 
in slinging the gun, and steadies it 
on his own side. 

12 assists to work levers. 

The whole of the numbers assist to carry the gyn and. put it to- 
gether. If the gyn is put together and raised, the detachment is 
marched on it from the position of Detachments rear, the front rank 
covering the left cheek, the rear the right. 

The cheeks and prypole are laid down on opposite sides of the 
piece, or other object, and generally in rear of it ; their tops pointing 
inwards and as near each otiier as possible. 

4, To raise a Chtny or other objectj and to mount, and to dismount 
a Chm, or Howitzer, on, and from a standing Carriage ; or to shift it 
from one Carriage to another. 

Words of command. — " Pass the fall round the windlass. • Put on 
the sling, and hook the block. Fix the sling. (Fix the lashing, to a 
Mortar, or other piece of ordnance with dolphins.) (Fix the sling to 
a mortar bed.) Shift the fall to the right of the windlass. Haul 
taut. Work the levers. Heave. High enough. Out levers." If 
necessary, '* Stopper, and shift the fall. High enough. Make fast 
the fall." If a uun, or Howitzer is to be dismounted, the Caiiiage is 
now run from under, and the piece is lowered to the ground. 

If a gun, or howitier is to be mounted upon its carriage, or shifted 
from one carriage to another, the carriage (if any) from which it has 
been removed is run from under the piece, and that on which it is to 
be placed is run forward by the same numbers, until the trunnion 
holes are directly under the trunnions, ready to receive them when the 
piece is lowered. 

Abticlb VII.— Gibbaltar Gyn. 

The Gibraltar gyn is used for mounting, and dismounting gnns, and 
howitsers on, and m>m standing carriages in situations where a triangle 
gyn eonld not be conveniently used. It weighs lOf cwt., and can 
iopport three tons with safety. 

The following stores are required for the service of the gyn : — 

0»»/att,fi{Si'incli white rope, eight fathoms long. 

SWo laahings for slinging the gun, of 2i-inch tarred rope, each 
t i filj f fttt long. 

()wi tiopptr, about 5} feet long, of 2}-inch tarred roi^^ mox^ ^loaox 
wnliilf ptaited as a gasket. 
rfkf km tr^ block, with brass sYiea^^aa, \ft ^^^ '^ ^N.Nas^'^ ^ 
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bar of iron 2| feet long for snspending the gun, its ends turned up to 
preroit the slings slipping off. 

Four common handSpikes, 

Tvoo dragropea. 

One non-commissioned officer and six men are allowed for working 
the gyn, numbered as usual. 

The gyn is moved by means of dragropes hooked to the staples of 
the front, or rear axletrees by Nos. 6 and 7. It can be drawn over 
hard level ground by the working detachment of six men. 

The rear of the gyn is the part where the windlass is fixed. 

The detachment being formed a few paces in rear of the gyn, No. 1 
gives the word, " Take post for exercise — To the right face— Quick 
march." — The detachment wheels to the left, and the ranks open out. 
Nos. 2 and 3 halt one pace in rear of their respective axletree arms. 
The whole one pace from each other, and covering. 

Disposition, and Duties of the Detachment, 
No. 1 commands. 



Left side, 

3 runs the carriage up, or 
back, heares round the windlass, 
assists 7 to sling the gun. 

5 ruis the carriage up, or 
back, assists to hold on the fall, 
stoppers, and unstoppers it. 

7 reeves the tackle, slings, and 
unslings the gun at the chase, and 
steadies it. 



Jiight side, 
2 runs the carriage up, or 
back, heaves round the windlass, 
assists 6 to sling the gun. 

4 runs the carriage up, or 
back, holds on the fall, makes it 
fast, and lowers the gun. 

6 reeves the tackle, sliugs, and 
unsliiigs the gun near the first 
reinforce, steadies the gun, and 
overhauls the tackle. 

Words of command. — ** Prepare to place the gyn. Place the gyn 
(by hand, or by cross lifting). Reeve the tackle. Prepare to sling 
the piece. Sling the piece. Haul in the slack. Heave round the 
windlass. Halt, stopper the &11. Shift the &11. Halt." 

The carriage having been run under the piece, or away from it, as 
may be required, the piece is lowered and cast loose^ each number 
reversing the operations which he performed in lashing, and raising it. 

PAET v.— MOUNTINO, AND DISMOUNTING ORDNANCE 

WITHOUT A Gyn. 

Article I. — Implements required for the Manceuyres. 

The following implements will be required generally for the various 
operations : — 

Handspikes. — Ash, six feet, bevelled ; two of seven feet. 
Levers. — Ten or twelve feet in length. 

Fulcrums. — Elm ; the best dimensions for general purposes are two 
/eet longf one foot broad, and seven inches thi^ ; hand^ikes are often 
used as falcruma. 
SAiob, — Oak; for moimting« and disnko^aavXisi^ \5Qa& V] \«£^vqlOi^ 
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should be about fourteen feet long and seven inches square ; three fir 
planks, of 2^ indi, bolted together, will answer ; their ends should be 
berelled. A grummet is let into each end as a needle in moving the 
skid. 

Parbuckling a gun from the terreplein on to the parapet* or, on 
to its carriage on a traversing platform, at one operation, requires 
skids of twenty feet long and eight or nine inches square. These skids 
are made of three 3-inch deals, breadth nine inches. They are bolted 
together firmly. 

To parbuckle on a platform waggon, the waggon serving as an 
inclined plane requires two pieces of scantling, each ten feet long and 
four inches square, or four pieces of 2^inch plank of the same length, 
and five inches wide, to strengthen the side pieces of the waggon. 

Skids for mortars and their beds should be twelve feet in length, 
and eight inches square for the 13-inch mortar ; six inches by seven 
for the 10-inch, and six inches square for the 8-lnch. 

These skids are kept together by iron bolts of one inch diameter, 
with shoulders and keys, so that when in use they are nearly at the 
following distances from each other : — 

^„ finch mortar . . . 3j inches. 

i it » bed . . 11 ), 

10 „ „ mortar and bed . 3| ,, 

° »» »> »» • 2J „ 

Skids, oak (short) for placing across the cheeks of gun carriages, or 
side pieces of platform wagg^ons, should be from two feet eight inches 
to three feet long, and of various scantling, from nine inches by six, to 
three inches square, fitted with grummet handles. 

Props (oak) may be of any scantling, but not under five inches 
square, and two and a half to three and a quarter feet long. 
Rollers (elm) ought to be in sets of three. 

Ist set 6 feet long [^^ '^Sl"" ^^T' *"** 

^ \ With grummets. 

2nd „ 3 to 4 feet lone Ifn • u • j- ,. 
3rd ,, 3 feet T * *"^^ "^ diameter. 

4th „ 2} „ „ 

5th „ 2 „ „ 

6th „ 20 inches „ {^ » »» 

7th „ 14 „ „ 

They ought to be concave, or hollowed out a little in the middle, to 
about the depth of a quarter of an inch. 

Flanksy for shifting guns from one carriage to another, should be of 
three-inch deal, about ten feet long, the general width of seventeen 
inches will do. When for shifting a gun from the parapet to a 
traversing platform, they ought to be two and a half inch oak plank, 
and about twelve or fourteen feet long. A bolt passes throu^ the 
ends of each plank to keep it from splitting. 

Qvoins, — ^Two, three, or four common onea. 

Wec^es or scotches, of elm, for scotdimg vi^««3^» «t ^gacoa «v io^» 
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&c., about nine inches long, five inches broad, and four inches at the 
butt end ; others of twelve or fifteen inches long, five inches broad, 
and three, two, and one inch at the butt end. 

Park pickets, of ash, shod and hooped with iron, four or six. 

Heavy hammers. — Two. 

Mauls, — Two. 

Crowbars, if working in rock, four or six. 

Parbuckles. — Four -inch rope, twelve fathoms long, with a hook at 
one end. 

{single, 1 fathom 1 
double, 2 „ > long of 2-inch rope, 
triple, 3 „ J 
DragropeSf or rope for that purpose, from four to five fathoms long, 
with a hook at one end. 

Luff tackles. — ^Two double and two single blocks, eight-inch ; the 
falls each twelve fiithoms of two and a half inch rope. Bothway's 
blocks are the best. 

Straps are of various dimensions, some of three and a half inch rope 
and eight feet long, for mounting mortar beds ; some for slewing, of 
2} indb, and for steadying. 

Also gaskets for stopping falls, and selvages. Spun yam, spades, 
and pickaxes are also necessary, according to circumstances. 

Article VI. — ^To Dismount a Gun, breech foremost, over 

THE TRAIL OF A TRAVELLING CARRIAGE, AND ALSO TO 
MOUNT IT. 

Is*.— To Dismount the Oun, 

7\joo pieces of three-inch rope, each 6 &thoms long, or two sets of 
luff-tackles complete. 

Three rollers, one of them the largest size, three feet long, the 
other two, five inches in diameter and thirty inches long ; also, the 
gun roller. 

I\jDO dragropes, I\oo seven-feet handspikes, and eight or ten hand" 
spikes. 

Three straps or selvages, or pieces of 3^-inch rope, three fathoms 
long. 

The carriage is to be unlimbered and the wheels scotched, the 
stool bed is raised, and the gun roller placed on it, and under the gun 
near the reinforce ring by No. 7 ; the gun is then raised out of the 
trunnion holes, and the trunnions made to rest on the points of hand- 
spikes placed in each trunnion hole by 6 and 7. 

Words of command. — " Hook the tackles. Bear down the muzzle. 
Raise the muzzle, and lower the gun." When the rollers require 
shifting. ** Hold on. Raise the breech (or the muzzle), &c., &c." 

2nd.— To Mount the Oun. 
Words of command, — ** Raise the muzzle, and place ground roller. 
Back the carriage. Scotch the wheels. Hook tackles. Taut. Heave. 
TAe,^un is made to mount, shifting rollers, as t^ceaaonf, 
''BaJt: uDbook, and cast off." 
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Abticle XXIII. — To Mount, and Dismount Mortars on, and 

FROM THEIR BeDS. 

Six hand^ikes, Ttoo dragropes. One lorench for old pattern 
beds. One hammer, Tijdo blocks of wood, about 8 inches long by 
4^ inches square, 

Kemoye capsquares. The mortar is supposed to be lying vent up- 
wards, breech towards the bed, the breast of which is towards the 
mortar. 

Mounting, 

Words of command. — " Raise the mortar on its muzzle. Heave, 
and haul. Kun the bed up. Shift the dragropes. Heave, and haul. 
(With old pattern beds, the mortar is now to be brought vertical,) — 
** Bring the mortar vertical. Heave, and haul." 

Dismounting, 

The mortar, and bed must be heaved to the front, or rear of the 
platform, and dismounted on the ground. With Old pattern beds, 
the mortar is brought to a vertical position, and the capsquares 
taken off. 

Words of comm.and.-^** Fix the dragropes. Heave, and hauL" 

Article XXVI. — To Mount, and Dismount Howitzers. 
The same general stores as before detailed for mounting guns. 

To raise a 10 inch Howitzer on its Muzzle, 

The howitzer is supposed to be lying on the ground, vent up- 
wards. 

\8t. With dragropes. 

Words of command, — ** Prepare to raise the breech. Bear down. 
Ease off. Hook dragropes to the cascable. Prepare to lift. Heave, 
and haul."' 

2nd, By means of the travelling carriage. 

The breech is raised as before, and a handspike, or piece of skidding, 
placed by No. 6, under the vent field, so that there may be space 
enough for a rope to be passed under the piece ; the breast of the 
carriage is towards the muzzle of the howitzer. 

Words of command, — " Run the carriage over the howitzer. Halt. 
Scotch the wheels. Fix the howitzer rope. Prepare to unlimber. 
Unlimber. Fix the guyropes. Lift the trail." When it is nearly 
vertical, ** Hold on. Secure the howitzer rope. Prepare to limber up. 
Limber up. Unscotch the front of the wheels. Take a wheel pur- 
chase. Run the carriage forward." The howitzer rope is then cast 
off, and the piece is ready for mounting. 

To mount a 10 inch Homtzer on a travellina carrio^A. 
The howitzer being on its muzzle, ttie caxrioi!^ viViJa. Vfcfc Qa:'^ws5Qaasa» 
removed, is run up to it perfectly «\«aife, «x^^ ^*^ ^V«^ ^R'W' 
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scotched ; it u then nnlimbered, and the trail raised ; when the 
trunnion holes are opposite to the trunnions : 

Words of command, — " Halt. Push the howitzer on the carriage ; 
(or take a purchase under the muzzle). Put on capsquares. Prepare 
to limher up. Limber up." 

To mount a 10 inch Howitzer on a standing carriage. 

The carrii^ is to be run forward, but only so near to the howitzer, 
that when the trail is lifted, the highest part of the trunnion boxes 
may be just clear of the trunnions, and the trunnion holes correspond 
wiUi them. 

Words of command, — ** Scotch the trucks. Prepare to raise the 
trail. Lift. Halt. Push the howitzer on the carriage. Fix the 
dragropes. Heave, and haul." 

To dismount a 10 inch Howitzer from a travelling carriage. 

Words of oommand.-~^** Unkey the capsquares. Hook dragropes to 
the cascable. Hani the howitzer out of the carriage. Limber up. 
Run the carriage forward. Prepare to lower the howitzer. Push the 
howitzer over." 

To dismount a 10 inch Hoinitzer from a standing carriage. 

Words of command, — ** Scotch the trucks. Prepare to raise the 
carriage. Heave, (or lift). Hook dragropes to the cascable. Haul the 
howitzer out, — (or raise the howitzer on its muzzle). Run the car- 
riage back. Prepare to lower the howitzer. Push the howitzer 
over." 
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4 


1 


1 


1 

1 


1 




Gn^. . . 


3Pr. 


ft. Id. 




"fYf 


liicheD 


'oiT 


lb. 01. 


'"S. 


l-BOfl 




n.^i^.u.) 


»Pr. 


:" 




1 3 10 


*'3eo 


8 




4-11 


*■* 




«"'""" ■ 


^i-toch 


"•■• 




2 1 . 


4-M 


B S 




'■" 1 '■' 




MonnUinQmUeM. 


Wdghl. 




SS: B.lEi,. hS£ 


t 


4|.|DCb 

HoVluer. 




Csrtisge, or Bed . 




m[. nr. lb. owt qr. lb. c"t, V 


^"^X 


\ 


Siafw. (n ! 
y K-ye win, Y 


uofL/m 


iljoclu' I 




,y 


V 


\ 


\ 




N^ 



SAKGE TABLES. 
1 Brass Guiis. Round Shot. 



Oihl 


Iran. 


BnM, 


CaUbra . . 


24 Pr 


18 Pr 


laPr 


12 Pr 


9Pr. 


6Pr. J3Pr. 


P. B. Kange . 
L. M. Range . 


950 


^306' 


S39' 


Yiris. 
600 


272' 
600 


Tsrds. 
236 


500 


Bvige Id Yarti. 
300 
401) 

600 

TOO 

800 

900 
1,000 
1,100 


Dog. 
r.B. 


Dob. 

P.B. 




1- 
i 

I 


T 

l.,M. 


T 


1 

1 

a 

3 



Bbass HowrraEM. Coumon Shell. 




.PAKT X,] 



KAKQE TABUS. 



IsoN Guns. SnaiPKEL Shell. 



Calibra 
























El.™tlm. -nd Fms - . . 


Deg. 


T..U,.. 


Dfg. 


v..,^ 


Deg. I„,l,^ 


Bunting 


Eltec 


Uve 


















Ltev. 


ttM. 




Fau. 


ElBT. 


l-to. 


.Uslanca. 


Ftom 


To 




Yard. 


YarJs. 


Tarda. 
































70O 


7W 


900 
















850 






A 




fl 




S 
















» 




1,000 




1,175 




B 


iH 


!• 


5 










6 




b 






i,aoe 

1,300 


1,2W 
1,350 


i,aw 

1,450 


i 


7 


t 


' 


il 


6 



Brub Qchs, and BaASS Howitzsrs. Shraphel Shell. 



sssost 


BAuanm. 


BrmHowtUen. 


Calibre . . 


9Pr. 


6Pc. 


MPr.iiaPr. 


EingfLnYmli 
400 
500 

700 
800 . 
900 

i,ooa 


ELev. 
ft 


SI 


Elev. 


FUM. 

3 
3 

5 

7 


Ele>. 
31 


Fuie. 
3 

6J 

7 
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RANGE TABLES. 



[part X, 



Ibon, and Brass Mortars. 



Range 
in Yards. 


Iron. 


Bnaa. 


Fiue 
Ins. 


131x1 


I. 


10 In 


• 


8 In. 


bit In, 


^ln. 


Charge at 45<'. 


Iba.o>. 


dr. 


11)8.<». 


dr. 


lbs. OB. dr. 


UW.OB. dr. 


lbs. OB. dr. 


in.tb8. 


300 


• • 




• • 




• • 


2 13 


18 


1 5 


350 


• • 




• • 




• • 


3 4 


1 10 


1 6 


400 


1 10 





14 





8 12 


3 6 


1 13 


1 8 


450 


• • 




• • 




• • 


3 8 


1 14 


1 9 


500 


1 15 





1 2 





10 


3 10 


2 


2 


550 


• • 




• • 




• • 


3 10 


2 3 


2 1 


600 


2 4 





1 4 





12 8 


4 1 


2 6 


2 2 


700 


2 8 


8 


1 6 





14 






2 3 


800 


2 14 





1 8 





15 






2 4 


900 


3 2 


8 


1 10 





1 






2 5 


1,000 


3 7 


8 


1 12 





1 2 






2 6 


1,100 


3 11 


8 


2 





13 






2 7 


1,200 


3 14 





2 2 





14 






2 9 


1,300 


4 2 





2 4 





16 




• • 


2 10 


1,400 


4 6 





2 7 





1 8 






3 1 


1,500 


4 10 





2 9 





19 






3 2 


1,600 


4 15 





2 11 





1 13 






3 3 



*■*»» X-] EAHGB I 



l§il 






l§§g|||J 



mm 



||Sg§8| 
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RANGE PLATES. 



[part X. 






I 



H 

M 

o 



9> 
M 

s 

PC4 



I 



5 
p • 



Sr S? 51!' JT S' : 



to, 



^s- 



cs 



sr 



eo 



^ 



• • 



s3 



H 
Ed 



l4 

a> 



o 



«> 



to 

Si 

o • 

a 



C4 CO O to r^ GO O) 



I 



60 



H^ eQj« MM -^ UNO Hn 
« ©I eo "4 rf o 



&> 



8 S 



S 



a 
.S 

I 
a 

1 

off 

Si 

S> 

a 
o 



s 

i 
o 

X 

-o 

O 






as 



00 









«> 



^C4 



§r s? ^ a* sr : : 



H 
H 

o 



a 
o 

« 



bO 



S^ 



9) 



§!r 



CO 



n ^ ' ' 



u 

a> 

o 



g 

S 

e 
6 



« 

9 
PC4 






CO 



>«« -4N Hn Hn HM -4N ^ 

-t »A to r^ CO o» ** 



c 

> 
£4 






«-« ©1 w eo 



^ 



•^ «n 






•s 



8 8 
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Cxi 

IS 





s 




t-l 




s 




CA 




'3 




S 




CO 




►o 








a 




o 




'■U 




a 




a 


• 


B 




1 


i3 


«« 






^M 




U 


% 


•% 

2 


M 


fl 


Q 




a 


CO 


<c 


^ 




e 


£ 


iJ 




g 


s 


#« 


I-] 


l> 




•E 




eO 




O 




€ 




a 




es 




C3 




"2 




o 




tM 




o 




•*a 




J3 




.^ 




V 




^ 



L 



o 

n 






Xt'^ ^ C4 (N ^^ 
S M M •« 



"* 

^ 

•k 

'♦ 



• • fQ 



M 



CO -^f O (N ■-< -^ 
. <N to CO 00 t1« C4 



CO 



• • • o • • 

• • • ^ • • 



QD 



o 



M 



OO tO-^W rf 

.©I to ;0 '-♦t^©! 

^^ m (N (N -^ 

s •« «« *« 

fH fH fH 



to 

CO 



• • • ^ • • 



U 



oi «-< to • ^ '^ 
,fi to '*«' ©I »-i •-« 



3 

CO 



• eo 



a 






©I tOt^Oi 
00 to QCO 
'^ d ODi-H 



00 

00 
CO 



• • 00 • • 

• ■ ^ • • 



N to t^ »f^ (N 

00 to CO CO CO 
rf 04tO F^GS 



CO 



o 
to 



91 to -^ -4 
« tO(N (N 
^C»l to d 



CO 
CO 



• »>. 



•Ol CO rf t» Ol 
00 to -^00 CO 



CO 



to 



n 

I 









s 
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EQUIPMENT. 
EQUIPMENT. 



[PABT X. 



Siege, or Heavy Ordnance. 
Weight of Ordnance, Carriages, Limbers, Carts, Wheels, and Platforms. 







Iron Guns. 


Lx)n Howitzers. 




24 Pr. 


18 Pr. 


12 Pr. 


10-inch. 


8-inch. 


Carriage, Garrison . . 


cwt.qr.lb. 
16 2 23 


cwt. qr. lb. 
14 3 10 


cwt. qr. lb. 
13 2 26 


cwt. qr. lb. 


cwtqr. lb. 


„ TrayelUng . . 


23 


20 


19 


33 2 16 


27 1 18 


„ Sling . . . 


24 3 26 


. . 


. . 


. • 


• • 


Limber for above* . 


11 


11 


11 


11 


11 


Cart PUtform (O. P.)t • 


8 1 24 




• 


. . 


. . 


„ •, (N.P.)t . 


11 16 






. . 


. . 




'Sling Carriage. 


13 1 14 






. . 


. . 


Wheels, 
one < 


Heavy Ordnance 
Limber ditto • 


1 20 
5 3 24 










pair. 


Field Carriage. 


5 2 24 






. . 


. • 




. Mountain ditto 


1 11 






. . 


. . 


(Empty 
Cheat Laboratory < 

iFilled 


1 20 

1 2 22 










Platform, Skeleton, Gun . 


9 1 


7 18 


7 18 


. • 


• . 


„ Gun, or Howitzer 


21 


21 


21 


21 


21 


„ Skeleton, Mortar,) 
„ „ 13-inch/ 


14 2 I 


. . 


. . 


. . 


. . 


„ „ 10-inch 


8 3 20 


. . 


. . 


. . 


. . 


„ „ 8-inch 


8 1 16 


. . 


. . 


. . 


• . 



Note.— CkMst Qun Equipment— same as in England. 
* Same limber for all ; in India the low Limber is not used. 
f Old pattern for Stores, &c., aiccorap«nyln%aS\«^tT«\\v. 
/ New pattern for carrying the OarrVsoii C«xt\a^ tox ^fiaxxerj ^^n&. 



PART X.] PACKAGE OF AMMUNITION. 



197 



PACKAGE OF AMMUNITION IN THE BOXES OF LIGHT 

FIELD ARTILLERY. 



SIX-POUNDER GUN. 
Gun, or Waqoon Limber. 





Near. 










Ofir. 




2R. 


2R. 


32 Fuzes. 
1 IJne, Seizing. 
1 Cotton Match. 


2 Cartouches. 
2 Bursters. 
16 Charges, filled. 
2 Charges, empty. 




Same 
as 

Near. 


Cartridges Priming 74. 
1 Line, Seizing. 
I Match Slow. 


2R. 


2R. 


2R. 


2R. 


2R. 


2R. 


IR. 
IC. 


IR. 
IC. 


IR. 
IC. 


IR. 
IC. 


IS. 
IC. 


IS. 
IC. 


IS. 
IC. 


IS. 
IC. 



Near Fore. 



6 Portfires on each Lid. 

Waggon Body. 



2R. 


2R. 


1 line. Seizing. 
1 Slow Match. 


2 Cartouches. 
2 Bursters. 
16 Charges, filled. 
2 Charges, empty. 


2R. 


2R. 


IR. 

IS. 


IR. 
IS. 


2R. 


2R. 





Off Fore. 




Same 

as 
Near. 






a 





















Same 

as 
Near. 













Same 

as 
Near. 






















1 


\ 


k 



Near Hind. OtL^\rA. 

NoTE.'^R., Round i CCaae*, S.v^isvsfDJ&V 
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PACKAGE OF AMMUNITION. [PART X. 



Near. 



NINE-POUNDER GUN. 
Gun, or Waggon Limber. 



Ofif. 



IS. 
IC. 


2R. 


2R. 


32 Fuzes. 

1 Cotton 
Match. 

iLine, 
Seizing. 


IS. 
IC. 


2R. 


2R. 


2 Cartouches. 
2 Bursters. 
12 Chaiges, filled. 
2 Charges, empty. 



66 Car- 
tridges. 
Priming. 

1 Match, 
Cotton. 

1 IJne, 
Seizing. 


IS. 

la 


2R. 


2R. 


IS. 
IC. 


2R. 


2R. 


2 Cartouches. 
2 Bursters. 
12 Charges, filled. 
2 Charges, empty. 



4 Portfires on each Lid. 
Waggon Body. 





Near Fore. 




2 Cartouches. 
2 Bursters. 
12 Charges, filled. 
2 Charges, empty. 


IR. . 
IS. • 


2R. 


2R. 


1 Line, 
Seizing. 

1 Match, 
Slow. 


IR. 
IS. 


2R. 


2R. 





Ofif Fore. 




Same as Near. 































Same as Near. 

















Same as Near. 



Ne»r Hind. OSlSJaA. 

IfOT*.— iU Bound*, C.,Caaft\ S.,att«y\«\.. 



PAKT X.] PACKAGE OF ASUUNITION. 

TWELVE-POUKDER HOWITZER. 
Howitzer, ob Waogoh Lihbbb. 



13. 




;?■.. 


It- 


ICfl. 


1<X 


ICu. 


i CiaUmcbM. 

loUlijirgeB, Bllad. 
2 ChiTBeB, empty. 



* PotIDr* on «ti:b Ud. 

WAaooK Body. 



13. 


«Cirtrldgei. 


lOe. 


It- 


ICfc 


IC 


ICo. 


SunguNar. 



















!&. 


IS. la 


ICo. 


■ Co. 


lUQe,SAlDg. 


IIX 








IS. 


114».eel>teg. 


IS 






ICo. 


It 


ICM. 


- 


IS. 










10 Clmrga, fllH-l. 




3 Cluu-ga, empty. 





SOUK UN w. 


































.....»„^. 



.VoTS.— S, ShnpiwL Co. ComnKm. Cu. (jucum. < 
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PACKAGE OF AMMUNITION. [PABT X. 



TWENTT-FOUR-POUNDER HOWITZER. 

HowiTZEB, OB Waggon Limbeb. 

Off. 





Near. 




IS. 
ICo. 


1& 
ICa. 


64 Foxes. 

lliine. 
Seizing. 

iMatdi, 
Slow. 


la 

iCo. 


IS. 
IGa. 


2 Cartouches. 
eBuraterB. 
8 Charges, filled 
2 Charges, empt 


• 

7' 



37 Car- 
tridges 

Priming. 

iLine, 
Seizing. 

1 Match, 
Slow. 


la 

iGo. 


la 

iCa. 


ICo. 

la 


IGa. 
IS. 


Same as Near. 



Near Fore. 



3 Pbrtflree on each lid. 
Waggon Body. 



Off Fore. 



2 Cartouches. 
8 Bursters. 
8 Charges, filled. 
2 Charges, empty. 


la 

iCo. 


la 

lOo. 


1 Line, 
Seising. 

1 Match, 
Slow. 


IGo. 

la 


iCo. 

la 



Same as Near. 













2a 


ICo. 
iCar. 


iLine, 
Seising. 

1 Match, 
Slow. 


2a 


iCar. 
iGo. 


2Ca] 
6Ba 
8Cb 
2Ch 


rtouches. 
rsters. 
arges, filled 
arges, empt 


• 













Same as Near Fore. 



irearHlnd. W^ffisA. 

JToTS.— S. ShniNMl. Go. GonmMai. Cax. Qucmima. ^^ ^^m^. 
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PACKAGE, AND STOWAGE OF SMALL STORES. 

Stowage of Small Store Box — Gun. 

Same exactly for 6, 9, 12, and 24 Pounders, with the slight exception 

noted below.* 



Angers, faze, hand, with bits 
Bits, gun .... 
Compasses, brass . • 
Corkscrews, iron folding 
Esses, iron .... 
Files, saw .... 
Funnels, copper . . . 
Hammers, wrench . • 
Knives, laboratory • . 
Line, seizing . . . pieces 



Mallets, fuze ..... 
Pincers, fuze • • . . . 

Rasps, flat 

Saws, dovetail, or fuze . . 

Setters, fuze 2 

Spikes, jagged 

Spikes, spring . . • . . 
Wires, priming .... 

Worms, gun 

Wrenches, fuze ..... 



Stowage of Small Store Box— Waqoon. 

Same exactly for the 6, 9, 12, and 24 Pounders. 

tin, for qnick match . . . ^^ • . . 1 
Esses, iron •...••.. ....•! ' 

Line, rat skeins of 10 yards 2 

Line, seizing • pieces of „ 4 

Telescopes, folding 1 — ) to a Battery. 

Vices, smith, bench, small 1 

Wax-cloth yards 4 

Stowage of lMPLEMEi<rrs, and Small Stores, showing where 

Placep, or Lashed. 



Aprons, gun, canvas .... 
Augers, fuze, hand, with bits . 
Axes, pick, Europe, with helves 



Bits, gun . . 
Boxers, fuze . 
Boxes, fuze, tin 
Buckets, gun . 



Callipers, gunners' .... 
Caps, sponge, canvas .... 
Cases, tin, quick match . . . 

Colours, camp 

Compasses, brass 

Corkscrews, iron folding . • 
Dragropes, L. 0. . . . pairs 



1 
1 
1 



2 
2 



i 



2 
1 
4 
1 
1 
2 



On the gun. 

Store box, gan. 

Front foot-board, wa^n ; 
helves betwe^i boxes. 

Rt. cheek, 1 ; Store box, gun, 1. 

i to each store box, wa^on. 

Store box, waggon. 

1, breast-hook; rear of wag- 
gon, 1. 

Store box, howitzer. 

On the sponges. 

Store box, waggon. 

Camp cdonrman. 

Store box, gun. 

Store box, gun. 

1 pair in rear of each limber 
axle. 



• Calliper, brass, small, or gunner I'^CaTtVedL Vii \ifiPwV\a«t,\sa\. \tf5N.>5i. ^Bsa- 
Scales, braes giuner, 1 foot . • 1 ) . smaW. ftUsc^Vnu 
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PACKAGE, ETC., OF SMALL STORES. [PART X. 



Di'ifts, gtm, or vent . 
Esses, iroD, of sorts . 

Files, saw, of sorts . 
Funnels, copper, 3rd class 
Hammers, claw . . 
Hammers, wrench . 
Handspikes, common. 
Hatchets, hand . . 
Hoes, Europe, large, with helves 
Knives, laboratory . 
Line, seizing, 10 yards 
Line, rat, 10 yards . 
Locks, pad, brass, small 



Mallets, fuze 
park 



it 



Matdi, quick . . . 

Oakum 

Pawlin, gan and limber 
Pincers, fuze ... 
Poles, limber, L. 0. . 



Rasps, flat, 8 in. . . 
Reels, camp, with line 
Saws, dovetail, or fuze 
Scales, brass, gunners 
betters, fuze . . . 
Shafts, limber, complete 
Sockets, portfire . . 
Spikes, gun, jagged . 
„ spring . 
Sponge, with rammer 
Straps, leather, side-arm 
Telescopes, 2| ft. folding 
Tilts for cart, spare • • 
Traces, chain, L. 0. pole. 

leading 



Ih 



pair 



i> 



w 



Vices, smith, bench, small , 

Wax-cloth yards 

Wires, priming, cannon 
Worms, gun, N. P. . 
Wrenches, fuze, brass 
Yokes, pole, double . 



„ trace, or leading, doable 



1 
2 



2 
1 
8 
2 
10 

1 
2 



1 



i 



1 
1 

1 
1 
1 



J 

i 



1 
1 
1 

2 



i 
i 



1 
4 
2 
1 
1 



••\ 



Right cheek. 

Store box, gun, 1 ; store box, 
waggon, 1. 

Store box, gun. 

Store box, gun. 

Right cheek. 

Store box, gun. 

Between waggon boxes. 

Left cheek. 

Front foot-board, waggon. 

Store box, gun. 

Store box, gun, and waggon. 

Store box, waggon. 

On the boxes of gun, and wag- 
gon. 

Store box, gun. 

1, between boxes, on each 
limber. 

In tin case. 

As required. 

First store cart. " 

Store box, gun. 

For each carriage, if fitted for 
bullock draft. 

Store box, gun. 

Camp colourman. 

Store box, gun. 

Store box of howitzer only. 

Store box, gun. 

Under waggons. 

Left cheek. 

Store box, gun. 

Store box, gun. 

1 above, and 1 under the trail. 

As required. 

Store box, waggon. 

2nd store cart, with tools. 

1 pair, carriage ; 1 pair, cart. 

4 pairs, carriage; 1 pair, 
cart ; ^, spare. 

Store box, waggon. 

Store box, waggon. 

Rt. cheek, 1 ; store box, gun, 1. 

Store box, gun. 

Store box, gun. 

1 pair, carriage ; 1 pair, cart ; 
i, spare. 
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P A E T XL 
GUNNERY. 

By the Parabolic Theory, the greatest range is when the angle of 
elevation is 45°, or half a right angle ; and the ranges are equal at 
angles, equally above, and below 45°. In projectiles, moving with 
velocities not exceeding 300 or 400 feet per second of time, the Para- 
bolic theory will resolve cases tolerably near the truth ; but in cases 
of great projectile velocities, that theory is quite inadequate, without 
the aid of data, drawn from good experiments ; for so great is the 
effect of the resistance of the air to projectiles of considerable velocity, 
that some of those, ^svhich in the air range only two or three miles, 
would, in vacuo, range between twenty and thirty miles. The effects 
of this resistance are also various, according to the velocity, the dia- 
meter, and the weight of the shot. 

By experiments it will be found that the greatest range (instead of 
being constantly that at an elevation of 45°, as in ^e Parabolic 
theory), will be at all intermediate degrees between 45° and 30° 
(with ordinary chaises about 42°), being more, or less, both according 
to the velocity, and the weight of the projectile ; the smaller velo- 
cities, and larger shells ranging farthest when projected almost at an 
elevation of 45°; while the greatest velocities, especially with the 
smaller shells, range farthest with an elevation of about 30°. How- 
ever, as sufficient experiments have not yet been made to establish 
true rules for practical gunnery, independent of the Parabolic theory, 
we must at present content ourselves with the data of some one 
certain experimental range, and time of flight at a given angle of 
elevation, and then^ by help of these, and &e Parabolic theory, we 
can determine the like circumstances for other elevations that are 
not greatly different from the former, assisted by the following 
rules : — 

PRACTIOAL RULES IN GUNNERY. 

1. — To find the Velocity of any shot, or shell. 

It has been found by experiments, that with shot of mean windage, 
and powder of mean strength, a charge of one-third of the weight of 
the ball gives an initial velocity of about 1600 feet per second : there- 
fore, to find the velocity given by any other charge f divide three times 
the weight of the charge by the weight of the ImiU, and multiply the 
square root of the quotient by 1600, the product will be the velocity 
in feet, or the space the shot passes over in the first second.* 

* Bj the balliBtic experiment, oondncied in TAa.^! \ft??l, \^« 'w** VsvkA ^^^ 
with a heavy e-pouader gun, a chaige ot 1% Vb. 8^^^ a^ n^^kAXi «j!1 '^*^^^ ^*^^* 
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2. The first graze, with given elevation, and charge^ being known, to 
determine the Charge for any other first graze, and elevation. 

Multiply the known charge, and elevation into the proposed first 
graze, also the proposed elevation into the known first graze, and 
divide the first product by the last, for the charge required in ounces. 

3. Given the range for one charge, to find the Range for another 
eJtarge, or the Charge for another range. 

The ranges have the same proportion as the charges ; that is, as one 
range is to its charge, so is any other range to its charge, the elevation 
of the piece being Uie same in both cases. 

Table of Velocities, 4^c., of shells. 

Nature of shelU, in inches ... 13 10 8 H H 

Their weight (loaded) in pounds . 200 92 46 16 8 

Charge of powder (land service) do. 5 3 2 1 } 

The velocities 436 500 629 693 693 

From Experiments on the velocities of shot, the following results 
have been obtained : — 

1. The time of a halVs flight is nearly as the range, the gun, and 
elevation being the same. 

2. The velocities decrease as the distances increase (arising from 
the resistance of the air, which opposes the progress of the shot,) in a 
proportion somewhat higher than the squares of the velocities through- 
out, and subject only to a small variation. 

3. Very little advantage is gained, in point of range, by increasing 
the charge more than is necessary to attain the object, the velocities 
given by lax^e charges being very soon reduced to those by moderate 
charges; those, for instance, given by half the shot's weight are 
reduced to an equality with tiiose by one-third, after passing through 
a space of only 200 feet. ( Vide 8 .) 

4. Veri/ little benefit is derived from increasing the length of gvns, 
the velocity given by long guns of 22 calibres being reduced to an 
equality with that of short guns of 15^ calibres with similar charges, 
after passing through the following spaces — viz. :— 

With i the shot's weighty about • . • 285 

„ 1 do. do 200 

„ i do. do 150 

„ } do. do 115 

5. The resistance of the air against balls of different diameters with 
equal velocities, is very nearly in the proportion of the squares of their 
diameters, or as their 8ur£EU}e8. 



and a charae of 2 lb. a velocity of 1892 feet per second. The shot employed 

were of a high gauge, windage (mly '078 inch, and the powder was of the 

Btrongeet quality; the weight of the pendolom fired into was 68 cwt. 3 qrs. 

JSJb. A Ugbt 6-poander, two feet ehoctut tbaxv \2[i« YtnK^i V^oosA^x^^d^ 

BiadUw cburges, g^ve velocities of about \dO f«e\.\«». 



PART XI.] GUNITERT. 205 

6. A very great increase of velocity may he acquired by a decrease 
of mndage, from J to ^ being lost by the windage of ^ the diameter 
of the bore. 

7. By firing the charge in different parts (separately, or simti]- 
taneoasl}^), by compressing the charge, by the use of wads, by varying 
the weight of the gan to lessen the recoil, or even by stopping the 
recoil entirely, no sensible change is prodaoed in the velocity of the 
ball. 

8. The velocity increases with the charge, to a certain point, 
peculiar to each gun; but, by further increasing the charge, the 
velocity gradually diminishes ; yet the recoil is always increased by an 
increase of charge. ( Vide 3.) • 

9. The velocities of balls fired voith equal charges increase to a 
certain point, when the gun is longer, in a proportion which is nearly 
the middle ratio between the square and cube roots of the length of 
the bore. 

10. When shot of different weights are fired with the same charges 
of powder, the velocities communicated to them are nearly in the 
inverse ratio of the square roots of their weights. Therefore, shot 
which are of different weights, and impelled by the firing of different 
charges of powder, acquire velocities which are directly as the 
square roots of the charges of powder, and inversely as the square 
roots of the weights of the shot. By making use of shot of a 
heavier metal than iron (lead for instance) the momentum of the shot 
dischai^ed with the same charge of powder would be increased in the 
ratio of the square root of the shot's wa'ght, which would both aug- 
ment the force of the blow with which it would strike, and also the 
extent of the range. 

Conypound-^h<S, or shells filled with lead, fired with charges in* 
creased |th, will increase the power of range considerably. 

1 1 . With common shells at 45° elevation, the time of flight is nearly 
equal to the square root of the range in feet, divided by 4 ; or, more 
nearly, equal to the square root of the quotient of the range in feet, 
divided by 16^. 

12. ITie range at 45^ elevation is nearly equal to the square of the 
time of flight in seconds, multiplied by Id^ feet. The range at 15° 
will be about half that at 45°. 

13. Upon inclined planes, at any elevation, there are always two 
elevations with which any range may be obtained. 

The elevation which gives the greatest range, on a given ascent, is 
equal to half the sum of 90° added to the ascent. 

ITie elevations which give equal ranges on a given ascent, are the 
complements of each other added to the ascent. 

The elevation which gives the greatest range on a descent, is equal 
to half the complement of the descent. 

14. The depths penetrated by balls of the same size into wood, with 
different velocities, or charges, are nearly a& tVie «a^vc^% ^1 "Oo& n^^s- 
cities. Balls of different sizes will penetrate to d«^\)ft& ^-tw^vCvsvcs^Nfe 
to their diameters: therefore a greater \«AV 'wVW. itfA. ^"^1 'a«^^ "«^ 
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larger hole, but will also penetrate farther than a small one with the 
same velocity, 

15. By experiments at a mean range, it has been ascertained that 
in common earth, dug up, and well rammed, a musket ball buries itself 
nearly 1 J foot ; a 6-pounder from 3 J feet to 4J feet ; 9-pounder from 
6J feet to 7 feet ; 1'2-pounder from 8J feet to 10 feet ; 18, and 24- 
pounders from 11} feet to 13 feet. 

NAVAL GUNNERY. 

instrucmons for t^e exercise, and service of great 
Guns, on board Her Majesty's Ships. 

Every ship should be prepared to defend herself when attacked, on 
both sides. On assembling at quarters for action, or exercise, the men 
are to repair to their respective sides according to their watches, 
providing and distributing the several articles allotted them. 

The first captains, and half the crew of the guns (the men desig- 
nated by the odd numbers), remain by their proper guns ; the second 
captains, and the remainder (designated by tiie even numbers), man 
the guns on their right. 

Stationary powdermen are allotted to every two guns : they are to 
have two cases ; that containing the reserve cartridge is to be hung up 
in rear of the gun amidships. 

An extra powderman, whose duty it will be to fetch powder from 
the magazine scuttle, and supply the stationaiy powderman, is to be 
allotted to eveiy four guns, that the reserve cartridge may not at any 
time be left without protection. 

The gun and its opposite should bear the same number, beginning 
from forward with No. 1 on each deck. 

The men appointed to work the gun are to be distinguished by 
numbers, whidi will be assigned according to the complement of men 
stationed at each gun, as hereafter described. 

The crews and powdermen of the odd-numbered guns should he 
composed entirely of the starboard-watch, and the even-numbered guns 
of the port-watch ; this will enable whole guns' crews to be worked 
together in their watch on deck, without disturbing the watch below, 
and will also enable the commanding officer to take the best men from 
both watches for the captains of the guns ; they should be selected as 
much as possible from various parts of the ship, so that if a heavy loss 
of men should occur at particular guns, it would not be more severely 
felt at one station than at another. Petty officers, or leading men of 
stations, who are likely to be called upon in action to perform duties 
as such, are to be quartered at the guns nearest their work. 

In assigning the duties, it is premised that the complements of all 

classes of Her Majesty's ships, small vessels excepted, will admit of the 

crew of each gun being composed of six persons and the powderman 

(the latter of whom is not to \)ear a i\\rai\i«\ \i^ ^VwxiSJci^ ^rciNjdwsil 

datiea ia the working and providing ioi «l ^gixsi «c^ -^'dwxstfif^^ ^'t 
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first six are to be distinguished as the Gun numbers, and any additional 
men which its size may require, are to be considered as Auxiliaries, 
but they are to be equally instructed and rendered competent to 
perform the several duties of the gun. By this arrangement, one 
system will be applicable to the working of all the different natures of 
guns used at sea. 

POSITIONS. 

The crew, with tlie exception of the first and second captain and 
powdermen, are to stand with their faces turned obliquely towards 
the gun and the port, this position being best adapted to secure 
attention. 

The two men whose numbers place them farthest from the ship's 
side, are to be termed right, and left rear men. The gims on each 
deck are to be divided into two divisions, called the foremost, and after 
quarters ; and an officer is to be appointed to command each. 

Arrangements are to be made^ in the different magazines and pas- 
sages, for the regular supply of powder to the several decks, under the 
superintendence of an officer, to prerent confusioB from the inter- 
mixture of the cartridges ; and the following rule should be observed 
in supplying the different decks with powder, namely :— 

In Agates, and two-decked ships, the lower, and main deck should 
be supplied from the fore magazine ; and the quarter deck, and fore- 
castle from the after magazine. 

In three-decked ships, the lower, and middle deck from the fore 
magazine ; main deck, quarter deck, and forecastle from the after 
magazine. 

The fire screens are to be kept fixed, rolled up, and protected firom 
the weather. 

Note.— The above arrangement refers to Magazines as at present fitted.] ^ 

ASSEMBLING AT QUARTERS. 

The accustomed beat of the drum is for Action ; the stationary pow- 
dermen repair to the magazine-scuttle for two cartridge-cases and two 
cartridges, and then return to their places in the rear of their guns 
amidships, ready to receive all further supply of powder from the 
extra powdermau. 

The Gun numbers provide the stores, and with the Auxiliaries cast 
loose their respective guns, which are to be searched, loaded with full 
charges, and single shot, and run out without further orders : but 
they are on no account to be fired without distinct orders from the 
upper deck. 

Note.— The above arrangement, although it insures the guns being got 
quickly ready for action, does not preclude uie commaii<Ung officer from giving 
orders on beating to quarters, to load with any other charge or projectile he 
may think best. 

The accustomed beat of the drum with one tqVV \s l^t ^^ss^xss^ 
exercise, the same as for Action, but no po'wdet \a \iTa^*A^^« 

The accustomed beat of the dnjm vr\\k t^o xoW^ \s \ft ^'^^'^'^ ^"^"^ 
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inspection : tiie crewB and powdermen repair to tbeir respectiTe sides, 
unless ordered to the contrary. The stationary and extra powdermen 
take their places in the rear of their guns amidships. " Fall Out." 

Detail fob Placing the Men. 

Take your place in the rear of the gun facing the port, as No. 1, the 
captain. 

Take your place to the right of the gan close to the ship's side, as 
No. 4, the sponger, standing quarter-face to the gun. 

Take your place to the leA; of the gun close to the ship's side, as 
No. 3, tlie loader, standing quarter-face to the gun.* 

Take your place to the right of the gun next to No. 4, as No. 6, 
the assistant sponger. 

Take your place to the left of the gun next to No. 3, as No. 5, the 
assistant loader. 

Take your place to the right of Nt). 1, facing the ship's side, clear 
of the recoil, as No. 2, the second captain. 

These six numbers are Gun numbers, and provide stores for, and 
cast loose, this gun and the gun on the right in their respective 
watches. All numbers above fiiese are Auxiliaries, who cast loose 
this gun and the gun on the right in their respective watches. 

Take your place to the left of the gun next to No. 5 as No. 7. 
„ right „ No. 6 as No. 8. 

„ left „ No. 7 as No. 9. 

„ right „ No. 8 as No. 10. 

„ left „ No. 9 as No. 11. 

„ right „ No. 10 as No. 12. 

And so on with higher numbers. ** Close up." 

" Gun Numbers." 

1, 2, 3, 4, 5, 6. 

" Auxiliaries." 

7, 8, 9, 10, 11, 12, 13, 14, &c. 

" Handspikemen." 

9, 10, 

" Rear-men." 

14. The right rear-man. 13. The left rear-man. 

(Or the ttDO highest numbers,) 
Gun numbers as placed in rotation on arriving at the gun : — 



1. The captain. 
4. The sponger. 
3. The loader. 



6. The assistant sponger. 
5. The assistant loader. 
2. The second captain. 



NoTB.— The Gun ntimberB are never to be called unless ordered ; and wben 
80 ordered, Auxiliaries, Handspikemen, Rearmen, and 1, The Certain, ftc, are 
lobe called. 



* This order applies to ti\'SlQft.W\.\«xA*i.. 
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Man both 

SIDES. 



Manning both Sides. 

Each watch will repair to its respective side, the odd 
numbers standing to the left of the left guns ; even 
numbers to the right of the right guns. 



Left guns, 3 remains 3 

5 becomes 4 

7 „ 6 

9 „ 5 

11 „ 2 

13 „ 7 

1 remains 1 



Right guns, 4 remfiins 4 

6 becomes 3 

8 „ 6 

10 „ 5 

12 „ 2 

14 „ 7 

2 „ 1 



Note.— Tbe left guns are odd starboard, and even port. The right gons are 
even starboard, and odd port. 

Guns' cxews always man, and powder-boys always supply ac^Jacent guns, 
when clearing for Action, or when fighting both sides. 

With a crew of 11 men and upwards, and both sides maimed, 2 is alvoayz to 
attend the train-tackle. 

Providing Stores 

(both sides manned). 

No. 1. Provides 3 vent plugs, priming wire, tube box, spare 
trigger line, vent bit, sees the lock fixed and fit for use, and places 
handspikes. 

3. Shot, and grummet, spare breeching, wet swab, wads, and fuze 
wrench. 

4. Sponge, rammer, worm, and fire-bucket. 

Stationary and extra powderman, two cartridge cases and two 
cartiidges each. 

Note.— With 68-pounders, and 10-inch gons, 3 should provide a bearer, and 
4 should assist him in providing shot. Spare locks, and hammers are to be 
provided by the 2nd captain. Leuatems should be hung up amidships between 
the ports, and kept in order by tbe proper No. 4, arrangements being made for 
lighiing them at night quarters. 

Shells are always to be provided by the two highest numbers. 

" Man the Starboard, or Port Guns." 

Exercise with 14 Men to a Lower, Middle, or Main 

Deck Gun. 

No. 1. The captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

2. The 2nd captain; assists 1, runs out, attends handspike, coin, 
and lock. 

3. Loads, rams home, runs out, and trains. 

4. Worms, sponges, rams home^ runs out, and trains* 

5. Gives shot and wad to 3, runs out, trains^ and spans the 
breeching. 

6. Gives sponge, rammer, and worm to 4, runs owt,t\«cQs,«s^^«^i»a» 
the breeching. 

7 and S. Run oat, and train. 
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9 and 10. Ran out, and attend handspikes. 

11. Runs out, and attends handspike. 

12. Runs out, and trains. 

13. Runs out, trains, and brings up shell. 

14. Attends train-tackle. 

NOTB.— With more, or less than 14 men, the Kxerdse will be the same as 
above, except that the proper hand^plkemen will take the duties of 9 and 10, 
the {assistant handspikemen, ihoae of II and 2, and the rearmen, those of IS 
and 14. 

The detain of the gmi Is responsible that all stores and necessary gear are 
at the gun, and that thron^ont the Exercise all the Nos. perform their duties 
correctly. 

EXEBCLSE WITH 9 MeN TO AN UpPEB DfibK GUN. 

No. 1. The captain ; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

2. The 2nd captain ; assists 1, attends the apron, elevating screw, 
lock, and train tackle. 

8. Loads, rams home, runs out, and trains. 

4. Worms, sponges, rams home, runs out, and trains. 

5. Gives shot and wad to 3, runs out, trains, and spans the 
breeching. 

6. Gives sponge, rammer, and worm to 4, runs out, trains, and 
spans the breeching. 

7 and 8. Run out, and attend handspikes. 

9. Runs out, trains, and brings up shell. 

NoTB.— l^th gons mounted on rear chock carriages having side levers for 
running out, Nos. 1 and 8 will shift the side tackles, and the left rearman will 
attend roller handspike when necessary. 

With guns mounted <ni Hardy's carriages, the exercise will be the same as 
above, except that No. 4 will attend onnpressor when the gun is out, and No. 8 
when the gun is in. 

Handspikemen with 5, 6, or 7 men • • 

„ „ 8 or 9 men . . 

., „ 10 or 11 men • • 

and assistant handspikemen . . • • 

Handspikemen with all Nos. above 11 • 

and assistant handspikemen • . • . 
Except with 10-inch, and 68-pounder guns, 

when assistant handspikemen will be #11 ,, 12 

With light guns it may be advantageous in some cases to double man 
the handspikes. The left rearman will always fire with a hammer, or 
match, and the right rearman will attend the train-tackle, except when 
he is handspikeman (when 2 will attend it) and in lower deck 
exercise (when both rearmen will attend it). 



5 and 


6 


7 




8 


7 




8 


9 




2 


9 




10 


11 




2 
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ASSEMBLING AT QUARTERS. 

The accustomed beat of the drum is for Action, when the guns 
are to be cast loose, loaded, and run out without orders. 

The accustomed beat of the drum with one roll is for Manual 
Exercise the same as for action, but without powder. 

The accustomed beat of the drum with ttoo rolls is to muster for 
Inspection. 

Gun Nos., 1, 2, 3, 4, 5, 6. 

Auxiliaries, 7, 8, 9, 10, 11, 12, 13, 14, &c. 

Handspikemen, 9, 10. Rearmen, 14 the right rear-man, 

13 the left rear-man (or the ttco highest Noe.), 

1. The Captain. 4. The Sponger. 3. The Loader. 

6. The Assistant-Sponger. 5. The Assistant-Loader. 

2. The Second Captain. 



MAN BOTH SIDES. 
Left Guns— 3 remains 3; 5 becomes 4; 7, 6 ; 9, 5 ; U, 2 ; 13, 7; 

1 remains 1. 
Right Guns — 4 remains 4; 6 becomes 3; 8, 6; 10, 5; 12, 2; 

14, 7; and 2, 1. ■ 

PROVIDING STORES. 
(Both sides manned.^ 

No. 1.— Provides 3 vent-plugs, priming wire, tube box, spare 
trigger-line, vent bit, sees the lock fixed and fit for use, and places 
handspikes. 

No. 3. — Shot, and grummet, spare breeching, wet swab, wads, 
and fuze wrench. 

No. 4. — Sponge, rammer, worm, and fire bucket. 
Stationary and extra Powderman, two cartridge cases and two 

cartridges each. 

Note.— With 68-p.,and 10-inch guns, 3 should provide a bearer, and 4 should 
assist him in providing shot Spare locks, and hammers are to be provided by 
the 2nd Captain. Lanterns should be hung up amidships between the ports, 
and kept in order by the proper No. 4, arrangements being made for lighting 
them at night-quarters. Shells are always to be provided by the two highest 
Nos. 



Stations for Casting loose a Lower deck Gun with 7 men. 

(Both sides manned,) 

Note. — No. 1 places handspikes, 8 and 4 bear out, and the other Nos. trice 
up the port ; when the port is up, 1 provides stores, 2 and 1 cast off, and hook 
on train-tackle, 3 and 4 cast off muzzle-lashing, then provide stores and clear 
away breast-frapping, 5 and 6 clear away and shtft side-tackles ; whefn the side- 
tackles are clear, and train-tackle to the rear and luff choked, 1 gives the word 
" £levate," sees the bed properly secured, and places coin at P. B., the gun is 
then run in, searched, loaded, and run out While the gun is being elevated, 
2 and 7 finish whatever is left undone, and whilst loading, 2 coils up the 
lashings, and 5 and 6 span the breeching. 

Man the Starboard or. Pobx Ca\i»%. 
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GREAT GUN 

The men are only to learn the Exercise 




1 
2 

3 

4 
5 



7&8 
9&I0 
11 
12 
13 
14 



The Captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

The 2nd Captain ; assists 1, runs out, attends handspike, 
coin, and lock. 

Loads, rams home, runs out, and trains. 

Worms, sponges, rams home, runs out, and trains. 

Gives shot, and wad to 3, runs out, trains, and spans the 
breeching. 

Gives sponge, rammer, and worm to 4, runs out, trains, and 
spans the breeching. 

Run out, and train. 

Run out, and attend handspikes. 

Runs out, and attends handspike. 

Runs out, and trains. 

Runs out, trains, and brings up shell. 

Attends train tackle. 



Note.— With more, or less than 14 men, the Exercise will be the same as 
above, except that the proper haDdspikemen will take tbe duties of 9 and 10, 
the assistant handspikemen, those of 11 and 2, and the rear-meo, those of 13 
and 14. 

The Captain of the gun is responsible that all stores and necessary gear are 
at the giin, and that throughout the Elzercise all the Nos. perform their duties 
correctly. 

Note.— Handspikemen, with 6, 6, or 7 men, 6 and 6; with 8. 9, 10. or 11 
with 10 and II men, 9 and 2, and with all Nos. above II, 11 and 2, except with 
No. 2 attends train-tackle when the right rear-man is h^ndspikeman. A Sta- 

man to every 



Stations for Casting Loose a Main Deck 

Note.— No. 1 places handspikes, 8 and 4 bear out, and 1 and 2 trice up tbe 

tackle, 3 and 4 clear away, and unhook train-tackle, and provide stores, 5 and 6 

is in ; when the side-tackles are clear, and train-tackle to the rear, 1 givea the 

lower half-port; he then sees the bed properly secured and places coin at P. B.. 

assist 2. With 5 men, 1 will hook cm train-tackle. If the 



'* H'oKDj OF Command."— "Prime," ''PoSn^C **^VKs^^ft" ** Ready," 
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EXERCISE. 
for the Gun at which they are quartered. 




1 

2 

3 
4 
5 



7&8 
9 



The Captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

The 2nd Captain; assists 1. attends the apron, elevating 
screw, lock, and train tackle. 

Loads, rams home, runs out, and trains. 

Worms, sponges, rams home, runs out, and trains. 

Gives shot and wad to 3, runs out, trains, and spans the 
breeching. 

Gives sponge, rammer, and worm to 4^ runs out, trains, and 
spans the breeching. 

Run out, and attend handspikes. 

Runs out, trains, and brings up shell. 



Note.— With gons mounted on Rear chock carriages having side levers for 
running out, Nos. 7 and 8 will shift the side-tackles, and the left rear-man will 
attend roller handspike when necessary. With guns mounted on Hardy's 
carriages, the Exerdse will be the same as above, except that No. 4 will attend 
compressor when the gun is oiUt and No. 8 when the gun is in. 



men, 7 and 8 ; and with all Nos. above 11, 9 and 10. Assistant Handspikemen 
68-pr8. and 10-inch guns, when Assistant Handspikemen will be 11 and 12. 
tlonary Powderman is idlotted to evezy gmi on one side, and an extra powder- 
two guns. 



Gun with 6 men. (Both ndea manned.) 

half-port ; when the port is up, 1 provides stores, 2 casts off, and hooks on train- 
clear away and shift side-tackles, untof^le breeching, and ^an it when the gun 
word " Elevate," and withdraws the coin to allow 3 and 4 to put down the 
the gun is then run in, searched, loaded, and run out. With 1 men, 1 will 

upper half-ports are made to take off, 8 and 4 will take them off. 



"Fire," " Stop the Vent," "Sponge," "Lo«A," *^^\s».w>X.r 
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ORDERS FOR MANUAL EXERCISE. 

On coming to the gun, Nos^l see the locks fixed and fit for use, vents 
clear, sights adjusted to the distance named, and the guns seajx^ed, 
loaded, and run out without further orders. 



« Prime." 
" Point." 
** Elevate." 



Words of (Command. 

" Ready." 

•• Fire.'' 

" Stop the vent." 



"* Sponge. 
*« Load." 
« Run out/' 



REMARKS ON THE DIFFERENT FIRINGS. 
Independent Firing. 

By this is meant, firing the gims independently of each other, each 
captain of a gun seizing the most favourable opportunity. This firing 
should always be used in action (unless ordered to the contrary) when- 
ever the object is visible, the smoke from one gun not greatly im- 
peding the firing of another. 

(See Detail for Independent firing.) 

Firing in Succession. 

By this is meant, firing one gun after another in regular order, 
commencing from the foremost, or afier gun, according as the wind is 
blowing from aft, or forward. This firing may be used with advantage, 
whenever a continuous steady fire is desired, as the smoke from one 
gun will not impede the firing of the next. 

Quick Firing. 

By this is meant, rapid independent firing, the tangent sight not 
being raised. This firing should be used when close alongside an 
enemy, as then but little pointing would be required. 

(See DetaU for Quick firing.) 

Broadside, and Divisional Firing. 

By this is meant, firing the whole broadside, or a division of guns 
simultaneously, by order. Broadside firing should be used when the 
smoke hangs about the ship for some time, and divisional firing when 
the smoke clears away at shorter intervals, as then the fire would be 
more continuous. Broadside, or divisional firing could also be used 
with greater advantage within a moderate distance against stone forts 
than independent firing, from the increased concussion caused by a 
number of shot striking at the same moment. In divisional firing each 
deck, or the half of each deck, should be considered as a division 
according to cii'cumstances. 

CJoncentrated Firing. 

By this is meant, firing guns previously laid by the aid of lines, or 
bnttens, so that the shot may cto&& cakiYi qV,Vv«t «i a given distance. 
This Bring would be most effective Vel ca&fe qI ^.tcl^V^, oit ^^d:^K(i<«s&^S^<& 
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object being visible from the upper deck, or mast head, and may be 
used at distances within, and beyond the point of conoentration, but 
the latter must never exceed double that, at which the shot cross. 

In Independent Firing, 

No. 1 raises the tangent sight according to the charge and distance 
named, lays the gun for the object, and gives the word " Ready " as 
soon as the elevation is correct, keeping the direction on willi the 
handspikes, and taking care not to fire till the side-tackle falls are 
clear. 

In Quick Firing, 

Ko. 1 sees the gun laid horizontal, and run out for the object, primesas 
the gun goes out, taking care not to cock the lock till the muzzle is 
clear of the port-sill, and not to fire till the side- tackle falls are out of 
hand. 

The only words of command to be given are, " Run in," " Run 
out,*' and ** Ready.** 2 chalks the bed, and coin, and the guns are 
relaid whilst loading. 

Arrangement for Fighting both Sides. 

When necessary to fight both sides, the whole of the guns are to be 
manned, and worked with '* Half crews " (as in casting loose) ; but if 
from casualties or other causes this is not practicable, the right guns 
should be lefb in after the first round, and the left guns manned and 
worked with whole crews. 

Note.— In Action, or Exercise, the working with *' half crews " shoold not be 
contiaued beyond 3 or 4 rounds, as after this, owing to casualties and the 
fatigue of working on this plan, the firing would be more efficiently kept up 
by working eveiy other gun. 



Instructions for a Simultaneous Concentrated Fire. 

<' The lines should always he hooked on at the ports 
directly after casting loose" 

The bearing, heel, and distance, having been given from the upper 
deck, the officers of the di£ferent divisions of guns will name the 
elevation, or depression to be given by marked coin (allowing for the 
distance and heel), together with the bearing, and then give the order 

Lay the guns;*' on which the Nos. 1 are to give the orders for 
training, holding the lines immediately under the marks overhead, 
denoting the bearing, and the guns are to be trained till the sights 
axe parallel to the lines: Nos. 1 then give the word " Elevate" and 
direct 2 to give the guns the required elevation, or depression, making 
the lines fast to hooks overhead ; they then rc&Mtci^ \.Vkfe Xrv^gst \«as»> 
and wait steadiij for the orders "Ready," ''^gVt^;' ^\j:\eDL «sfe Na ^i'*^ 
given by the of&ceT attending the dixectoT. 



*t 
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DisHoni<rriNO, akd Mounting. 

No. 1 gives the wowl " Run in/ then « Elevate," 
takes out the coin, throws back depression chock, 
and sees the gun laid square between the housing- 
bolts; 2 prepares the train-tackle, hooks it to the 
runner, and lowers the gun; 3 and 4 pass the 
muzzle-lashing; 7 and 8 take out the keys, throw 
back the cap-squares, unhook the side-tackles, and see 
the carriage clear; rear-men provide and hook the 
runner. 

When the muzzle-lashing is passed, 1 gives the 
word " Dismount," and all the Nos. man the train- 
tackle, except 1,3, 4, and the handspikemen ; 3 and 
4 remain at the muzzle-lashing until all parts bear an 
equal strain ; handspikemen assist until of no further 
use, and then go to the train- tackle. 



Dismount 

THE GUN. 



Mount 

THE GUN 



> Everything will be replaced by the same Nos. 



Note.— When ordered to "Diimotmt," No. 1 makes up the trigger-line round 
the lock, attends the coin to assist the handspikemen, leaves it on the bed 
ready for mounting, and when the gun is high enough, gives the order, " Well I 
Bun the carriage Toack/' he then replaces the depression chock. 

BEVOLVING GUN EXERCISE, 
With a Crew of 17 Men, and upwards. 

The crew are assembled as in the established gun exercise. 
Gun Nos. 1, 2, 3, 4, 5, 6. 

Auxiliaries, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, &c. 
Traversing-tackle-men, 7, 8. 
Handspikemen, 9, 10. 
Assistant handspikemen, 11, 12. 
Compressor-men, 13, 14. 

Bear-men. — 16» the right rear-man; 17, the left rear>man (or the 
two highest Nos,), 

1. The Captain. I 3. Loader I 5. Assistant Loader. 

4. Sponger. | 6. Assistant Sponger. | 2. Second Captain. 

Providing Stores. 

No. 1. Provide 3 vent-plugs, priming wire, tube-box, spare trigger- 
line, vent-bit, sees the lock fixed and fit for use, and places hand- 
spikes. 

2. Assists 1. 

3. Shot-grummet, spare breeching, wet swabs, wads, and fuze- 
urea cZi. 

4, Sbot-grummet, spare breeching, &ve-W<k«\>, «sA \:srq ^Xh^^ Wid- 
spikes. 
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5. Bearer, and shot. 

6. Sponge, rammer, worm, and shot. 

Stationary and extra powdermen, two cartridge-cases, and two 
cartridges ^ich. 

NoTB. — Spare locks, and hammers are to be provided by the 2nd captain ; 
azletrees, and trucks by 11 and 12. 

Shells are always to be provided by the two highest Nos. 

When pivot gmis are mounted as broadside gons, and only one crew can be 
allotted to two guns, the " Stores" should be provided with " Both sides 
manned/' as laid down in First Instruction. 

Exercise with 17 Men. 

No. 1. The captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

2. The 2nd captain ; assists 1, runs out, attends the apron, coin, 
lock, and rear-bolt. 

3. Loads, rams home, runs out, attends fighting-bolt, shackles, and 
unshackles breeching. 

4. Worms, sponges, rams home, runs out, attends stop-handspike, 
shackles, and unshackles breeching. 

5. Brings up shot, or shell, runs out, traverses, and spans the 
breeching. 

6. Gives sponge, rammer, and worm to 4, runs out, traverses, and 
spans the breechmg. 

7 and 8. Run out, attend traversing-tackles, and shift side- 
tackles. 

9, 10, 11, and 12. Run out, and attend handspikes. 
13 and 14. Run out, traverse, and attend compressors. 

15. Runs out, and traverses. 

16. Traverses, shifts traversing-tackle, attends stop-handspike and 
train-tackle. 

17 Traverses, shifts traversing-tackle, brings tip shot, or shell, and 
attends train-tackle. 

NoTB.— These Nos. will be reduced for lighter, or increased for heavier guns* 
as may be necessary, when the learmen will do the duties of 16 and 17. With 
less than 15 men, ]Hos. 11 and 12 will attend compressors. 

When slide guns are fitted with Ferguson's Ciompressor, No. 8 is to attend it. 

Stations for Casting Loose a Revolving Oun, 

1 and 2 place handspikes, and provide stores; 3, 4, 5, and 6, 
provide stores, and dear away side-tackles ; 7, 8, 16, and 17, clear 
away, and hook on traversing-tackles to fore part of slide; 9, 10, 11, 
and 12, clear away spans, and unscrew span shackle-bolts ; 13, 14, 15, 
16, and 17, clear away the ports and berthing. When the gun is 
clear, No. 1 gives the word ** Action on the fighting-bolt » » » " 
" Right (or Left), Traverse," and when on the fighting-bolt namedy 
"Well," the gun is then searched, loaded^ and xxsn wsX^ '^^Skfe^'ft^ 
gun is being searched, the breeching aYioiAdi \)ft ^tiai0!^<eftL\ft^^'^s&V' 
side. 



218 



SERVICE CHARGES. 
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Stations for Casting loose a Broadside pivot Oun 
(both sides manned). 

No. 1 places handspikes, and provides stores; 3 and 4 provide 
stores, and clear away side-tackles ; 5 and 6 clear away spans, and 
unscrew span shackle-bolts ; 2, 7, 8, and 9, clear away, and book on 
traversing-tackles, and unship ports, and berthing. When the gun 
is clear, No. 1 gives the necessary orders for getting it on the fighting- 
bolt; the gun is then searched, loaded, and run out. While the 
gun is being searched, the breeching sl^ould be shackled to the 
ship's side. 

WoBDS OF Command. 

** Traverse." 
« Ready." 
" Fire.*' 
"Stop the vent.' 



« Prime." 
« Point." 
« Elevate." 



M 



« Sponge." 
« Load." 
« Run out." 



KoTB.— When the directkm of the gon is to be altered, the word " Traverse ' 
is to be given if the gtm is in^ and " Point" when the gun is out. 



The Service Chabgej 


1 FOR THE FOLLOWING GUNS. 


Nature of Gun. 


Weight 


Length. 


Charge. 














Distant 


Full. 


RednoAd. 


4 


cwt. 


ft. In. 


lb. 


lb. 


lb. 


68-Pounder . . . 


95 


10 


16 


12 


8 


10-Inch .... 


84 


9 4 


12 


. . 


. . 


8 „ • • • • 

8 „ • • • . 


65 
60 


9 01 
8 10/ 


10 


8 


5 


• 8 ,> .... 


52 


8 


• • 


8 


5 


8-Inch Garronade. 


36 


5 4 


• • 


5 


. . 


32-Pounder . . . 


56&58 


9 6 


10 


8 


6 


32 „ A . . 


50 


9 


• • 


8 


5 


32 „ B . . 


45 


8 6 


• • 


7 


5 


32 „ G . . 


42 


8 


• • 


6 


4 


32 „ ... 


32 


6 6 


• • 


5 


3 


32 „ ... 


25 


6 


• • 


4 • 


^ 


32-Ponnder Carron. 


17 


4 


• • 


21b.lOoz. 


• • 


(The charge of all other Cahronades 


is also 1-] 


L2th the \ 


weight 


of their shot. 


) 






24-Pr. Howitzer • 


12i 


4 8 


^ 


. 


■ . 


12 „ ... 


10 


4 6 


2 


• . 


• • 


12 „ ... 


6i 


3 9 


u 


. . 


. . 



The 68-pr., and 33-pr. gims of 68 and 56 cwt. may be double-shotted 

as far as 400 yards. 

The "A" and «B" ditto ditto *00 „ 

Tbe"C"gnn8 ditto ditto 300 « 

72ie 32 and 25 cwt 32-pr. guns, and &-VQc\i ^ vnd «Q cwt. gpns . 200 ,, 
OuTODodea, the 8-lnch 62 cwt. and th« IQ-Vndi ^^nkE^vx^ u«:s«i: \a \y^ ^<c»i!c^ft. 
Mbotted, 



PART XL] MORTAB EXERCISE. 219 

Allowance for the Deflection of Shot occasioned by the Wind from 
a S2-pouinder, 56 cwt,, charge S6f, 

In firing with a moderate breeze (force 4) across the range, an 
allowance of 1 foot for every 100 yards of distance has been foond a 
correct guide. 

With a moderate gale (force 7) across the range, 2 feet for every 
100 yards of distance. At 1000 yards' distance with the latter force 
of wind (7) against the range, J° more elevation should be given ; 
and when loith the range, ^° less elevation, than in the Range 
Tables. 



MORTAR EXERCISE. 

13-Inch Sea-service Mobtab. 



Providing Stores. 

No. 1. Provides tube box, and plummet. 
„ 2. Sponge, sheepskin, and handspike. 
„ 3. Shell hooks, and handspike. 
„ 4. Traversing tackles, and priming wire. 
„ 5. Trigger-line, and fuze implements. 
„ 6. Cartridge case. 

Exercise with 8 Men 
(in a Mortar Boat), 

No. 1. Commands, pointK, and primes. 
„ 2. Sponges, wipes the bottom of the shell, imcaps the fuze, 

assists to put in shell, and traverses. 
„ 3. Puts in cartridge, assists to put in shell, and traverses. 
„ 4. Clears and serves the vent, pricks the cartridge, and traverses. 
„ 5. Prepares fuzes, takes them to 8, traverses, and fires. 
„ 6. Brings cartridge, and occasionally relieves 7. 
„ 7. Prepares cartridges in the magazine. 
„ 8. Prepares and hooks on shell in the hatchway. 

Weight of mortar. 100 cwt. Extreme charge, 20 lb. 
Wei^bt of shell, 200 lb. Barsting charge, 10^ lb. 

N.B. — Land service mortars are worked in a similar manner, the 
only difference being that handspikes are required for running up and 
training, and a shell beam, or shell hooks for bringing up the shell. 
They are trained for the object by bringing Uiem on with pickets 
pla(^ in the parapet for the purpose. 

All mortars with the ordinary coin, are elevated at an angle of 
45° ; this elevation may be altered if necessary by putting in an ad- 
ditional coin, or, by substituting a smaller one for that commonly used. 

Weight of 13-inch land service mortar, 3ft cw\.. 'S.'x.\:rsi&<& OosBngi,^'*^. 
JO „ „ -v^ . " •^ »» 






220 USE OF RED HOT SHOT. [PART XI. 



INSTRUCTIONS FOR THE USE OF RED HOT SHOT. 

1. Red hot shot are not, for the present, to be fired from any guns 
but 68, and 32-ponnders ; the charges used must not exceed } of the 
heaviest charge allowed for the gun, as the expansion of the shot by 
being heated considerably decreases the windage, and consequently 
much increases the stress on the gun : thus the 56 cwt. 32-pounder 
gun, whose heaviest charge is 10 lb., should not be fired with a 
higher charge than 8 lb. : the charges for other guns must be like- 
wise proportionably decreased, 

2. To prevent accidents, every ship will be allowed a red hot shot 
gauge, through which the shot are to be passed before they are 
brought away from the furnaces : a red hot shot bearer will also be 
supplied, in which the shot are to be triced up, and then conveyed Ao 
the guns ; but if these are not issued, the shot can be triced up in the 
ash buckets. 

3. Shot can be readily made red hot in the furnaces of steam 
vessels, and to a moderate extent this can also be done in the copper 
holes of sailing ships; a 32-pounder shot will become red hot in 
the furnace of a steamer in about 15 minutes, and care must 
be taken that they are not heated beyond a bright red, as otherwise 
they are liable to fuze, and to become misshapen, and if so used they 
would be very liable to jam in the gun. 

4. It is very dangerous to fire a shot when jammed in a gun, but a 
red hot shot may be rapidly cooled by water, which will cause it to 
contract, and the shot will then probably be easily removed from the 
gun ; but if not, a small quantity of powder introduced down the 
vent, after the charge has been destroyed, will effect its removal with 
certainty. 

5. Shot expand about ^ part of their diameter when heated to a 
bright red; therefore, as the mean diameter of 32-pounder shot, 
when so heated, is 6*273 inches, it is considered unsafe to fire red 
hot shot from either the 32 cwt. or the 25 cwt. 32-pounder guns, or 
from the 32-pounder carronade, as the windage of those guns is very 
small. 

6. Clean shot, and shot that pass readily through the cold shot 
gauges, should be used for firing when red hot; the shot must be 
scraped and cleaned to remove tiie scales and dirt, and then passed 
throu^ the hot shot gauges, before they are sent up from below. 

7. whilst shot are being heated they should be turned, as the part 
resting on the furnace bars heats much more rapidly than the upper 
part ; when the shot are heated to a bright red they must be removed 
from the furnaces whether they are wanted, or not. 

8. Great care must be taken that the cartridges used are not in any 
way broken, or damaged. A number of dry, and wet junk wads must 
de in readinesa at the guns, also a number of wet grummet wads ; 

tA^e wads abould he scMEiked in water for two ot \}Kvc^%Vo\iT%k\)e^QY^. 
^bsnd, and then the water well piessed o\xl oi V3fewm, mA ^»x^ \j\\»\,\sft. 
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taken that they are made small enough to fit easily in the guns when 
swelled by being soaked, otherwise the loading will be very di£Bcult; 
the sponge should also be well damped, and water kept at the guns in 
case of accidents. 

9. It has been found by experiment, that red hot shot do not bum 
more than the outer yarns of a well-soaked junk wad, even though 
left in the gun for a considerable period ; and it has been also prov^, 
that there is but little danger of the cartridge becoming ignited, even 
though quantities of smoke should come up through the vent ; the 
grummet wad over the shot is necessary to prevent it irom shifting in 
the bore from the motion of the vessel, or otherwise, and it should be 
well soaked to prevent it catching fire. 

Precautions for loading guns vnth Bed hot Shot. 

First, the cartridge, then a dry junk wad, and then a wet junk wad 
are to be entered by No. 3, and 4 is to force them home together ; it 
is recommended that this should be done with a damp sponge to 
insure any grains of powder being destroyed that may remain in the 
gun; No. 1 pricks the cartridge, and 4 withdraws and returns the 
sponge. 

The shot is then to be brought up to the left of the gun, and 
entered by 3 and 4 ; the gun should be laid with sufficient elevation 
to allow the shot to roU home of itself; 3 then places a wet grummet 
wad over the shot, and 4 receives the rammer, forces it home, and 
assisted by 3, gives it two smart blows to insure the shot being close 
home. 

After the loading is completed, the gun is to be run out, trained 
and elevated for the object in precisely the same manner as when 
filing cold shot ; but the sooner the gun is fired the better, as the shot 
not only cools very rapidly when in the gun, but it is believed that i 
has a tendency to become misshapen from cooling unequally. It is 
further recommended, when firing red hot shot, to select those guns 
that may be the nearest to the engine room hatchway, and not to fire 
them indiscriminately from all guns. 



222 



ANGLES, AND DISTANCES. 
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A Table showing the angles subtended by the Mainmasts of French ships 
of war, between the Water-line, and the Truck, with the corresponding 
distances. 

(Taken firom Sir H. Douglas's Naval Gunnery.) 

The obwrrer is sapposed to be 20 feet above the level of the water. 





Line of Battle Ships. 


Frigates. 


Cor- 
vettes. 


Brigs. 


i 


120 


90 


82 


60 


44 


24 


18 


Yards. 


Guns. 


Ouns. 


Ouns. 


Ouns. 


Oitns. 


Ouns. 


Guns. 


Taids. 


Truck 


Track 


Truck 


Truck 


Truck 


Truck 


Truck 




to the 


to the 


to the 


to the 


tothe 


tothe 


tothe 






Water 


Water 


Water 


Water 


Water 


Water 


Water 






Line, 


line. 


Line, 


Line, 


Line. 


Tiine, 


Line, 






220fiBet. 


202 feet. 


192 feet 


ISSfeet 


168 feet 


120 feet. 


112 feet 




' 


o t 


o r 


o t 


o r 


o r 


o t 


O f 




200 


20 20 


18 47 


17 54 


17 33 


15 46 


11 22 


10 37 


200 


aoo 


13 48 


12 42 


12 6 


11 51 


10 37 


7 37 


7 7 


300 


400 


10 25 


9 35 


9 7 


8 55 


7 59 


5 43 


5 20 


400 


500 


8 21 


7 41 


7 18 


7 9 


6 24 


434 


4 16 


500 


600 


6 59 


6 25 


6 6 


5 58 


5 20 


3 49 


3 34 


600 


700 


5 59 


5 30 


5 14 


5 7 


4 35 


3 16 


3 3 


700 


800 


5 14 


4 49 


4 35 


4 29 


4 


2 52 


2 40 


800 


900 


440 


4 17 


4 4 


3 59 


3 34 


2 33 


2 22 


900 


1000 


4 10 


3 51 


340 


3 35 


3 12 


2 17 


2 8 


1000 


1100 


3 49 


330 


320 


3 16 


2 55 


2 5 


1 57 


1100 


1200 


3 30 


3 13 


3 3 


2 59 


2 40 


1 54 


1 47 


1200 


IdOO 


3 14 


2 58 


2 49 


2 46 


2 28 


1 46 


1 39 


1300 


1400 


3 


245 


2 37 


2 34 


2 17 


1 38 


1 31 


1400 


1500 


2 48 


2 34 


2 26 


2 23 


2 8 


1 32 


1 25 


1500 


1600 


2 37 


2 24 


2 17 


2 14 


2 


1 26 


1 20 


1600 


1700 


2 28 


2 16 


2 9 


2 7 


1 53 


1 21 


1 15 


1700 


1800 


2 20 


2 8 


2 2 


2 


1 47 


1 16 


I 11 


1800 


1900 


2 13 


2 2 


1 56 


1 53 


1 41 


1 12 


1 7 


1900 


2000 


2 6 


1 56 


1 50 


1 48 


1 36 


1 9 


1 4 


2000 


2200 


1 55 


1 45 


1 40 


1 38 


1 27 


1 2 


58 


2200 


2400 


1 45 


1 36 


1 31 


1 30 


1 20 


57 


53 


2400 


2600 


1 37 


1 29 


1 24 


1 23 


1 14 


53 


49 


2600 


2800 


1 SO 


1 23 


1 19 


1 17 


1 9 


49 


46 


2800 


aooo 


1 24 


1 17 


1 13 


1 12 


1 4 


46 


43 


3000 


3200 


1 19 


1 12 


1 8 


1 7 


1 


043 


40 


3200 


3400 


1 14 


1 8 


1 5 


1 3 


57 


040 


38 


3400 


3600 


1 10 


1 4 


1 1 


1 


53 


38 


035 


3600 


8800 


) 6 


1 1 


58 


57 


51 


36 


34 


3800 


4000/ 


../ 


058 


55 


54 


, 48 


, 34 


32 


4000 
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A Table showing the angles subtended bj the Mainmasts of French shipt 
of war, between the Water-lioe, and the Topmast crosstrees, with the 
corresponding distances. 

(Taken firom Sir H. Douglas's Naval Gunnery.) 
The observer is supposed to be 20 feet above the level of the water. 





Line of Battle Ships. 


Frigates. 


Cor- 
vettes. 


.BrigB. 






120 


90 


'82 


60 


44 


24 


18 




Yards. 


Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


Gons. 


Gmis. 


^T^m^^M, 










^" 








Tards. 






Topmast 

CllX>g8- 


Topmast 


Topmast 


•Topmast 


Tqpmast 
Cross- 


Topmast 


Topmast 








Cross- 


Cross- 


; Cross- 


Cross- 


Cross- 








trees 


trees 


trees 


trees 


trees 


trees 


trees 








to the 


to the 


to the 


to the 


to the 


to the 


to the 








Water 


Water 


Water. 


Water 


Water 


Water 


Water 








Line, 


Line, 


Line, 


Line, 


Line, 


Line, 


Line, 








158 feet. 


151 feet. 


138 feet 


139 feet 


121 feet 


86 feet 


11 feet. 








o t 


o t 


o t 


o r 


o t 


o t 


O 1 






200 


14 52 


14 13 


13 2 


13 7 


11 28 


8 5 


7 20 


200 




300 


9 59 


9 33 


845 


8 48 


7 41 


5 24 


4 54 


800 




400 


7 31 


7 11 


6 34 


6 37 


5 46 


4 3 


340 


400 




500 


6 1 


5 45 


5 16 


5 18 


4 37 


3 14 


2 56 


500 




600 


5 1 


4 48 


423 


4 25 


3 51 


2 42 


2 27 


600 


>' 


700 


4 18 


4 7 


3 46 


3 47 


3 18 


2 19 


2*^6 


700 




800 


3 46 


3 36 


3 18 


3 19 


2 53 


2 2 


1 50 


800 




900 


3 21 


3 12 


2 56 


2 57 


2 34 


1 48 


1 38 


900 




1000 


3 1 


2 53 


2 3d 


2 39 


2 19 


1 37 


1 28 


1000 




1100 


2 45 


2 37 


2 24 


2 25 


2 6 


1 29 


1 20 


1100 




1200 


2 31 


2 24 


2 12 


2 13 


1 55 


1 21 


1 13 


1200 




1300 


2 19 


2 13 


2 2 


2 2 


1 47 


1 15 


1 8 


1300 




1400 


2 9 


2 3 


1 53 


1 54 


1 39 


1 9 


1 3 


1400 




1500 


2 


1 55 


1 45. 


1 46 


1 32 


1 5 


59 


1500 




1600 


1 53 


1 48 


1 39 


1 39 


1 26 


1 1 


55 


1600 




1700 


1 46 


1 42 


1 33 


1 34 


1 21 


57 


52 


1700 




1800 


1 40 


1 36 


1 28 


1 28 


1 17 


54 


49 


1800 




1900 


1 35 


I 31 


1 23 


1 24 


1 13 


51 


46 


1900 




2000 


1 30 


1 26 


1 19 


1 20 


1 9 


49 


44 


2000 




2200 


1 22 


1 19 


1 12 


1 12 


1 3 


44 


40 


2200 




2400 


1 15 


1 12 


1 6 


1 6 


58 


40 


37 


2400 




2600 


1 9 


1 6 


1 1 


1 1 


53 


37 


34 


2600 




2800 


1 5 


1 2 


56 


57 


50 


35 


31 


2800 




3000 


. 1 


57 


52 


53 


46 


32 


29 


3000 




3200 


56 


54 


49 


49 


43 


30 


27 


3200 




3400 


53 


51 


46 


47 


40 


29 


26 


3400 




3600 


50 


48 


44 


44 


38 


27 


24 


i aSQftV 


3S00 


47 


45 


41 


42 


36 


I Q'Mi 


V ^'ia 


\^»m;^> 


4000 

/ 


45 i 


43 


39 


40 


I 035> 


\ Q^A, 


A ^^' 


A 1RR 


f:^ 
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Instructions for adjusting the wooden side Tangent 
Scales to Guns, and for their use. 

The gun, when on its carriage, and run out in its place in the ship, 
is to be laid perfectly horizontal, and the foot of the scale is then to 
be shortened (if necessary), so that, when held, and resting in a per- 
pendicular position on the step of the bracket, the line of the Zero, or 
Ot is brought into coincidence with the line of the quarter sight. 

Previous to using the tangent scale, it will be necessary to observe 
the d^ree of the heel, or inclination of the ship, by means of the 
pendulum supplied with the scales, and an elevation, or depression is to 
be given to the gun to the amount shown, in order to bring it to the 
horizontal position; and the degree of elevation, required for the 
estimated distance from the object to be fired at, is to be reckoned 
from the point on the scale then opposite to the quarter sight.* 

Note.— The gun is to be laid horizontally by means of the spirit level, or by 
common level with plumb line, laid from back to front sight 



* Vide Tangent scales, pages 52, 53, of " Artillerist's Manual, etc" 
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PART XII. 
BATTERIES, AND FORTIFICATION. 



BATTERIES. 

A BATTEB7, in respect to its profile, may be either elevated, half 
sunken, or sunken ; and it is usoally reveted with gabions, fascines, 
sand bi^, &c 

An elevated battery has its whole parapet raised above the natural 
surface of the ground, and, to procure the mass of earth required, a 
ditch is usually dug directly in fi-ont of the parapet. 

A half-sunken battery has its interior space, or terreplein, sunk 
some inches below the natural surface, and its parapet is composed of 
the earth thus obtained, and of that taken from a narrow ditch in 
front. 

A mniken battery has the whole of the earth taken from the in- 
terior space to form the parapet; and it must therefore be lowered 
from 2 feet to 3 feet 6 inches, according to the height of the gun 
carriages to be used. 

The 7uilf-8unken battery is constructed the quickest, as the diggers 
can work both in front, and rear, at f^e same time. In a sunken 
battery, the diners are as much crowded as in an elevated one, but, 
since the mass of parapet to be raised is smaller, it may be completed 
in much less time. 

Casemates, or vaulted batteries, are made bomb-proof, and the em- 
brazures are cut through the revetment. 

Barbet batteries have no embrazures, the guns being placed on 
traversing platforms to enable f^em to fire over f^e parapet. 

A direct fire from a battery is when the line of fire is perpendicular 
to the parapet, and an obltque fire when it is oblique. The direct 
fire being preferable, the battery should be place^paraliel to the object 
against which the fire is to be directed. 

The line of fire is an imaginary line drawn throagh the centre of 
an embrazure, in the direction of the object against which a battery is 
constructed. 

Embrazures are openings cut through parapets, flanks of bastions, 
&c., for guns to fire through. 

The neck of the embrazure is the inward, or narrowest part of it. 

The mouth of the embrazure is the outward, or widest part of it. 

The sole of the embrazure is the bottom, or space, between the 
cheeks, or sides, 
TAe sill is the front of the 8o\«. 



n 


stone. 


w 


fir. 


rt 


oak. 


*f 


brick. 
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The genouUlere is that part of the parapet which is beneath the 
sill of the embrazares. 

The merlon is the portion of the parapet contained between two 
embrasures. 

The folhmng dimensions are requisite to be proof. 

Against musketry. — 3 feet ...••.. when of earth. 

6 inches . 
12 inches • . 
5 inches . 
9 inches . 

Against cannon, — 4 feet, when of wood, or brick. 

6 feet against 6 -pounders, when of earth. 
9 „ 9-pounders, ditto. 

14 „ 12-pounders, ditto. 

18 „ 18 & 24-pounders, ditto. 

Jfote.—A 6-ponnder shot, with a charge of one pound, will penetrate a mats 
^ toe to the depth of 4i feet, at the distance of twenty-one yuds. 

< aENEBAL DIMENSIONS OF AN ELEVATED GUN BATTEBT, 

reveted unth fascines. 

ft. in. 
Space from the centre of one embrasure to that of the next, 

without traverses •....• 18 

Ditto, with travei'ses •••••22 

Slope of the interior revetment, per foot (one •fourth its height) - 3 
Fall of the superior slope, ditto (one-twelfth ditto) - 1 
Interior width of embrazures, measured on the sill • . • 2 
Exterior ditto, measured on ^e sole, at 12 feet fix>m the sill 7 
Slope of the cheeks of embrazures at the neck, per foot (one- 
sixth of their height) •••.. -2 

Ditto, at the mouth, per foot (one-fourth their height) . . - 3 
IMstanee from the centre of an embrazure to the root of the 

slope of an adjoining traverse • • 7 6 

Distance from the centre of an embrasure to the foot of the 

slope of an adjoining epaulment •••••.• 50 

Height of the sill ; gun, on a travelling carriage • . • • 3 6 

„ „ standing carriage • • • • 2 4 

DIBECnONS FOB TBAOINO A BATTEBT. 

Batteries at sieges are generally traced in the dusk of the evening. 

Detail of Men, and tools required : 

Tracers. — 1 non-^iommissioned officer, and 2 privates. 

Tools. — 1 ground-square, 1 measuring tape, 

1 white tracing-line, 2 ten-feet rods, 1 hmdle of ptcfteta. 
1 mallet. 

Directions. — The tracing-pickets, and m«\\^t, «a^ «Kn\^v».^^»'^* 
bag, and a few long pickets are necesBax^ to maiV VSdr «K5at»B!as«»' 
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A line should be stretched about 40 feet in the direction of the object 
against which the battery is to be erected ; this will show the line of 
fre. By means of a ground square, a line may be laid down at right 
angles to the former, touching the first placed picket. This will be 
the interior base line. Another line must be placed parallel to this, 
at a distance equal to the sum of the breadth of the base of the 
parapet, breadth of the benn (if any), and breadth of the slope of the 
ditch (viz., about 27 feet), which line will represent the reverse 
slope of the ditch.. A picket is then driven in on the interior base 
line, where it is intended to have one extremity of the battery, and as 
many long pickets (18 feet apart), measuring from this end, as there 
are guns, which will mark the centre of the embrazures. Then 
one more picket, 18 feet distant from the last, will show the other 
extremity. For the embrazures, drive in a picket at the distance of 
one foot on each side of the centre of the embrazures, for the width of 
the neck. Set off, and drive in pickets 3 feet 6 inches on each side of, 
and perpendicular to the line of fire, for the width of the mouth. 

WORKING PARTY; TOOLS; AND MATERIALS REQUIRED 

for each gun ; mortar ; traverse ; or epaulment ; in an elevated 

fascine battery, 

2 sapperSy with 6 assistants, to revet the work. 

12 infantry, to excavate the ditch, and form the parapet. 

9 pickayses, 15 shovels , or spades, 14 fascines, 18 feet long, 1 bundle 
of 50 pickets to 6 fascines, 3 mauls, 3 rammers, 1 saw to every two 
guns, 1 hatchet per gun, 1 bill-hook, 1 field^ervice level, 1 six-feet 
rod, 1 bundle of matches to every three guns, 1 lantern, do., 1 lb. of 
candles, do., 1 bundle of gads to each gun, 1 tape of 50 feet in length 
per battery. 

A battery will seldom be completed in less than 24 hours, when 
executed by inexperienced workmen ; but by those inured to hard 
labour, and with proper reliefs, in about 10 hours. In light soil, 
that can be easily dug without the aid of a pickaxe, a man can, in 
8 hours, load from 19 to 20 cubic yards of earth on barrows. If a 
pickaxe be required, 2 men will do the same quantity of work. 
A man caii wheel 20 cubic yards of earth per day to a distance of 
30 yards on level ground, or 20 yards on a ramp. Twenty cubic 
yards of ^arth will fill 500 wheelbarrows. When near the surface, 
in soil requiring but little the use of the pickaxe, an excavation of 
6 cubic yards in a day of 8 hours would be a fair task for a soldier, 
who in general is little accustomed to working with the pickaxe, and 
shovel. 

SHELTER FROM AN ENEMY'S FIRE.* 

The following method of sheltering the workmen from the enemy's 
fire was used with great success during the construction of the 
batteries. It was towards the end of \]b.^ «\e^e that Lieutenant 

• rSd^—«« United Service MacBa\nC"&^.CCGTVXl, 
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Neandre received orders to construct a battery 130 paces from the 
counterscarp, the covered way being strongly occupied by the enemy. 
Foreseeing the di£5culties that would occur, Lieutenant Neandre 
provided 120 common- platform planks, and, when the gabions were 
in their places, arranged the planks outside them, in sudi a manner 
as to present an inclined plane, (one end of the plank being sup- 
ported on the gabion, and the other end resting on the ground 
towards the enemy) : the gabions were then half filled with earth, 
and the pickets driven in. At this moment the enemy threw some 
fire balls, and fired a few shot, all of which went over. Soon after, 
the workmen were assailed with a well-sustained fire of musketry ; 
but, on the balls striking the epaulment, they ricoch^d, and passed 
over the workmen, so that not a single man was hit. The battery 
was finished in a few hours, when the planks were drawn in, and used 
for the platforms. 

A portable framework might be rapidly made, and used instead of 
the gabions, to obtain immediate cover from musketry fire ; and, for 
sapping, the framework, with the planks fixed thereon, might be 
readily moved on trucks, as a substitute for the present sap roller. 

EPAULHENTS. 

Batteries at sieges are generally secured on one flank at least, by a 
parapet called an epaulment, forming an obtuse angle with that of the 
battery. Their use is to secure the reverse of the terreplein from any 
fianking fire, and they are not in general made so thick as the parapet, 
being seldom subject to a direct fire. 

ELEVATED SAND-BAG BATTERIES. 

The base of the interior slope of a battery reveted with sand- 
bags is rather broader than that of one reveted with fascines, 
being about one-third the height of the parapet. Bushel sand-bags 
are now the only kind in use, and when filled are of the following 
dimensions : 

Length 20 inches, breadth 10 inches, depth 5 inches. 
Number required per gun, — for the interior revetment 262 
Ditto Ditto for the cheeks ... 360 

Total ... 622 

Sand-bags are laid header, and stretcher, as in masonry; the 
ends which are tied being always hid. As the sand-bags near the 
neck of the embrazure would be destroyed after a few hours' firing, 
and constantly require repairing, gabions, or casks should be substituted 
for them. 

ffowitzer batteries are similar to those for guns, except that the ' 
interior openings of the embrazures are 2 feet 6 inches, and the soles 
are raised, towards the front, about 10°, in order to <»^«,t ^<fe ^ssxssnkw. 
as much as possible. 

Mortar batteries are constructed mt\i ^^ sassifc ^\\aBB»\^'vv% ^ •©*»" 
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batteries (the parapet being generally 8 feet high, and from 18 to 22 
feet thick), but, as they have not embraznres, the ditch of elevated 
batteries is made two fe^t deeper to obtain the requisite quantity of 
earth. A preference would in general be given to the sunken, or 
half-sunken profile for a mortar battery, on account of its requiring 
less time for its construction, and it being of no consequence whether 
the platforms are sunken, or otherwise. Mortars are placed at the 
distance of 15 feet from centre to centre of each other, where no 
traverses intervene ; and the parapet has the same profile as a gun, 
or howitzer battery. 

When fired at 45° they are placed 12 feet from the revetment. 
Ditto 30° ditto 13 ditto 

Ditto 20° ditto 21 ditto 

Ditto 15° ditto 30 ditto 

Ditto 10° ditto 40 ditto 

HALF-SUNKEN BATTEBIE8. 

The sill is about half its total height above the natural surface 
of the ground ; the most convenient depth to which the terreplein 
may be sunk is 2 feet. The height of a sill for a travelling carriage 
will be 18 inches, and for a garrison carriage one foot above the 
natural level. The profile of the parapet is the same as in an elevated 
battery. 

Number of sand-bags required for reveting one merlon . 180 
Ditto ditto for cheeks of embrazures • 360 

Total ... 540 

In forming the epaulment of a half-sunken battery, the earth is 
taken firom a ditch in f^ont, six feet wide, and about five feet deep. 

SUNKEN G17N BATTERIES. 

The soles of the embrazures are on a level with the natural ground, 
therefore the terreplein is sunk a sufficient depth for the solid, and 
the merlons are formed of the excavated earth. The height of the 
solid depends on the nature of gun carriage to be used. The first 
operation is to trace out the embrazures. The profile is the same as 
in the elevated battery. Should there be traverses, all the earth ex- 
cavated from the interior will be required ; if not, the overplus may 
be scattered in the rear. 

EICOCHET BATTERIES. 

Ricochet firing is the art of projecting shot, or shell, with a certain 
velocity, and in such a direction as to insure its striking the ground 
at any spot that may be required ; afterwards making several grazes 
upon the earth, and destroying, or striking all that may oppose its 
progress. The piece of ordnance is loaded with a diminished charge 
of powder, and the elevation is from ^ to \QP, -^jYiVdi c».\ffl«& the shot 
to bound or hop along the ground* TVi« sma2i\«i ^i2ei% vci^^ xoA^ 
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which the shot is made to ricochet^ the longer it will preserve its 
force, and have effect, as it will sink in the same proportion so much 
less into the ground on which it bounds. In the ricochet of a 
fortress, or field-work, the eleyation should seldom exceed 10° to 
throw the shot over Ihe crest of the parapet ; hut in the field, the 
objects to be fired at being principally infantry, and cavalry, the guns 
need seldom be elevated above 3°; as, under greater angles, the 
shot would be apt to bound too high, thereby defeating its intended 
purpose. 

SicocKet battenea should, if possible, be at a distance of 400 yards, 
or not exceeding 600 yards ; as, from the uncertainty of the fire at a 
greater distance, at least two-thirds of the ammunition might be 
expended without producing any good effect. 

The best elevation to enfilade a vxtrk being from 6° to 9° measured 
above the parapet, the charge should be r^ulated accordingly, which . 
varies from one half, to one tenth the service charge. 

Ricochet firing is very e£Scacious in dismounting the guns on the 
faces, or flanks of bastions, &c., the batteries for this purpose being 
erected on the prolongation of these works, and as nearly as possible 
perpendicular thereto, by whidi their whole length will be exposed to 
the effects of plunging, and destructive ricochet fire. 

Vide Tables of Eicochet practice, pages 75, 80, 81. 

FASCINES. 

Fascines are bundles of wood of various lengths, acoohiing to the 
purposes to which they are to be applied. 

Fascines for a revetment should be strong, and well bound. 
When small brushwood is used, they are made 6 feet long, and 
7 inches in diameter, and are finnly bound with four or five withes, 
or gads. Sap faggots are 3 feet long, and 9 inches in diameter. 

The gads are made of rods 5 feet long, first twisted until the fibres 
separate, the smaller end is then turned round, so as to form a loop, 
or noose. To make a fascine 6 feet long, the workmen set up three 
fascine horses on the same level, and in a right line. 

(A fascine horse is formed with two pickets, each 5 feet long, 
driven about 1 foot obliquely into the ground, so as to cross each 
other at right angles 2 feet above the surface of the earth ; and they 
are fastened together at their point of meeting, with cord, three or 
four*thread spun yam, or gads.) The brushwoc^, which should not 
exceed from 1 j^ to 2 inches in diameter at the butt end, stripped of all 
its leaves and smaller branchcR, and 5 or 6 feet long, is then laid on 
the fascine horses, the thick ends being placed alternately at each end. 
The lai^e stuff must be used to form the exterior, and the smaller 
twigs the interior of the fascine. Before binding the fascine, it must 
be compressed with a fascine choaker, which consists of a cord, or 
chain, equal in length to one and a half times the circumference of the 
fascine, fastened at one end to a lever 5 feet loa^ wA 'i^ \m^«» >=»> 
diameter, with a Joop at the other end, into 'wVaOa^ «S\Kt ^ftsK^a^*^^ 
chain round the fascine near the paxt to V» XjoxMa!^ «^ Vi-sec^^ssS^*^ 
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the one already described, is inserted, and the brushwood is squeezed 
tightly together until the gad is tied. The fascine must be com- 
pressed in a similar manner before each gad is fastened. The weight 
of the fascine is about 33 lb. Three men can make a 6 feet fascine 
in twenty minutes. Two of the workmen place the brushwood, while 
the third prepares the gads. If large brushwood can be procured, the 
fkscines should be 18 feet long, the strength of the revetment being 
materially increased by diminishing the number of joints. When the 
fascines are 18 feet hng^ they are made 9 inches in diameter, and 
are bound with 13 gads, if the brushwood is good, but wiUi 17 
if it is bad, the fascine horses being one yard apart. This fascine 
weighs about 2 cwt. Four men can make an 18 feet fascine in two 
hours, or, if the wood be cut and brought to them, they can make 
four fascines in that time. They require 3 bUl-hooks, 1 saw, 1 fascine 
choaker (each lever about 6 feet long), and 6 fascine horses. Three 
men prepare the brushwood, and lay it on the horses, while the fourth 
makes the gads. 

The revetment is formed in proportion as the parapet is raised, the 
first fascine being half buried in the banquette, with three pickets 
driven vertically tiirough it, each picket being from 3 to 4 feet long, 
and from 1^ to 1^ inch in diameter at the thickest end. The second 
row of fascines is then laid a little in front of the first, so as to form 
the required slope, and three pickets are driven through each fascine ; 
the extreme pickets through the fascine previously laid in the direction 
of the slope, the other perpendicular to the slope. 

T%e joints of the different rows of fascines should be so broken, 
that no two adjoining joints may be in the same line, and the ends 
of the fascines at the angles should alternately be flush with, and be 
inserted in the parapet ; care being taken to lay the fascines so that 
the ties of the gads may be concealed in the parapets. Six rows of 
large fascines are su£Bcient to form the revetment of a parapet, the 
upper row being covered with a layer of sods, the grass upwards. 
When fiusdnes of seven inches in diameter are used, eight rows are 
required. 

GABIONS. 

Oc^nons are cylindrical baskets open at both ends, and are very 
commonly used to revet parapets. For the interior of parapets they 
should be 3 feet in height, and diameter. The common gabions are 
2 feet in diameter, and 2 feet 9 inches high, in the web. 

To make them, — A directing circle (11 J inch radius) consisting of 
two hoops, kept apart by bits of wood, to which both the hoops are 
secured with packthread, is first made. The diameter of the hoops 
must be such as to permit of the pickets for the gabion b^g driven 
between the exterior of the one, and the interior of the other. The 
directing circle is then laid on a level piece of ground, and from seven 
to twelve pickets are ^driven at e(\ual distances apart, between the 
hoops; the number of pickets de^n^m^ ow^% %via <A >iS&ft T^sda^or 
brushwood with which the ba»ket-wor\L Is \ft>» tmAa. TVkft «ax€^ ^a 
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then raised, and fastened to the middle of the pickets, and the web is 
made above it, two or three rods being used at the same time ; the 
workman twisting them round each other while he interlaces them with 
the pickets, striking down the web from time to time with a stick. The 
randing, or basket work, is continued to near the top of the pickets, 
where it is secured with four gads, each one passed round one of the 
pickets and four or five of the rods, which should be from 8 to 10 feet 
long, and not more than half an inch in diameter. The gabion is then 
pulled up, the finished end is placed on the ground, and the directing 
circle being removed, the remainder of the web is completed and 
secured as before described. 

Two men can make a gabion in three quarters of an hour, using 
about 80 rods for each gabion. 

In forming the revetment, the gabions are placed touching each 
Other with a slope of one quarter the height ; the first row is sur- 
mounted with two rows of fascines side by side, and a second row of 
gabions rests on them. 

SAP BOLLEBS. 

Exterior cylinder, length, 6 feet, diameter, 4 feet. 
Interior „ „ 6 „ „ 2} „ 

p. , i / Exterior cylinder, 20 \ 6 feet long, by 1 to 1^ inch 
ricKets I Interior „ 14 / diameter. 
Rods, 1 inch thick. 

Pickets for stu£5ng, 1} inch diameter: average space between 
cylinders, 8 inches. 

Time for making large cylinder, 9 hours ; small cylinder, 6 hours ; 
and 2 hours for 6tu£5ng. 

SOD, OB TUBF. 

A revetment is sometimes made with sods of unequal sizes, called 
headers, and stretchers. 

The headers are 1 foot 6 inches long, 1 foot toide, and about 
4} inches thick. 

The stretchers are 1 foot wide, and long, and about 4} inches thick. 

Sometimes the sods are first cut all of the same dimensions — 
viz., 1} foot long and 1 foot wide ; this sod is then cut diagonally, 
across, so as to form two, and they are then all laid as headers. This 
saves nearly half the turf, and labour. The sods should be cut from 
good meadow land, previously mown, and watered ; but the sods 
should not be laid or built when wet, because they would shrink in 
dry weather, and all the joints would open. The sod-work is laid 
with the grass downwards, either alternately headers, and stretchers, 
or two stretchers to one header ; care being taken that the joints of no 
two rows fall immediately over one another, which is termed breaking 
joint. If the layers of sods are laid perpendicular to the sloi^^ tli«^ 
will answer better than if laid horizoidaWy. 'E.«l'^ wA ^wi^^V^:^^ 
two or three pegs driven through it, to sftCMxe \t \ft ^^ 'wwV ^'^^^'^^ 
When the revetment is completed, the ^\\o\e ft\io\]\^\ifc ca\. ^jS- «si»«^ 
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to the proper slope ; a pair of hedge-clippers, or a catting ksife, will 
answer well for this purpose. 

One man can lay 19 square yards of sod-work in eight hours, when 
the sods are brought to the spot, and require no previous trimming. 

PLATFORMS. 

To facilitate the workmg of a gun, it must be placed on a platform 
of stone, or timber, and plank : but, as a temporary measure, when 
required to fire onlj in one direction, timbers to take the wheels will 
suffice. The usual inclination given to platforms, irom the rear to 
the front, is half an inch per foot. Platforms on barbettes should 
be perfectly level, and their dimensions must depend on the extent of 
the lateral range which may be required. 

In laying a gun platform, the first thing to be done is to fix the 
hurter, which may be a piece of timber 7 or 8 feet long, and 7 inches 
square, or a strong fascine 9 feet in length may be advfmtageously 
used. The hurter is intended to take the wheels, or trucks of the 
carriage when the gun is run out, and to prevent their damaging the 
interior slope of the parapet. The position of the hurter necessarily 
depends therefore on the steepness of the interior slope. The hurter 
should be placed perpendicular to the axis, or central line of the 
embrazure. Three, four, or five sleepers of from 6 to 8 inches 
square, are then laid, their upper surface on a level with the bottom 
of the hurter, and they are covered with two inch planks, nailed 
down when three sleepers are used ; but if there be four or five 
sleepers, the planks may be confined by two ribbands (which are 
pieces of wood of the same length, but weaker scantling than the 
sleepers) and the platform racked down with rack lashings at the 
proper intervals. 

A rack lashing consists of a piece of 2-inch rope about 9 feet long, 
which is fastened to a stick 15 inches long, 2 inches wide at the head, 
with a hole in it to receive the lashing, and tapering to a blunt point : 
it is passed round the timber, and sleeper beneath, then twice round 
itself. The end of the stick is then put into the loose gromet so 
formed, and twisted round until the whole is firmly secured, when the 
stick is turned flat on the upper piece of scantling. 

The gun, and mortar pla^orms for sieges are now made rectangular : 
the dimensions of the former are 15 feet long by 10 feet 6 inches 
broad ; those of a mortar platform are 7 feet 6 inches long by 6 feet 
6 inches broad. Mortar platforms are laid exactly horizontal, the 
front part bein^ placed 5 feet within the foot of the interior slope of 
the parapet. 

Madras platforms consist of two stout planks about 12 feet long ; 

they are supported on two sleepers, having a transom in fix)nt. llie 

planks are secured with a moveable bolt, or pivot to the front tran- 

som, slide ireelj on the sleepers, and are connected tt^ther in rear 

bf two cross pieces parallel to the Teax i^ee^x, oxa m ^\il^ ond 

tJie other in rear o£ it. To the centre ot \);ieiM Vkq cs^mci ^^\fi»Q& N& 
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bolted another 12-feet plank, called the trail-piece, of a width equal 
to the distance between the cheeks of a siegeH^uriage, which is sup- 
ported on a sleeper in the rear. When the gun is to be traversed, the 
whole platform is moved on the sleepers on the pivots in ftx)nt. 
These platfoims are chiefly intended for a direct fire. Two wedges 
are required for this platform to form inclined planes for the wheels, 
in running the gun on, or off the platform. Each wedge is of elm, 
3 inches ^ck, 2} feet long, and 1 foot wide, with a block to give the 
requisite height, the block being 12 inches long, 4 thick, and 7 in 
extreme height. 

AJderson's platform. 

The platform invented by Colonel Alderson, R.E., is 15 feet long, 
by 9 feet wide; and is composed of 46 similar pieces of timber 
(baulks) each measuring 9 feet X 5 inches X 3} inches. Of these, 
ten are used as sleepers, and the remainder as planking. The weight 
of the platform (when 15 feet long and 9 feet wide) for guns is 
15cwt. 2qrs. 141b. By addition of the small beams, this platform 
may easily be extended from 15 to 18 feet. 
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Dimensions, and Weight of Platforms, for Guns, &c. 



Nature of Platform, and 
articles required. 



OUN, AND HOWITZER. 

Sleepers 

Planks 

Ribbands 

Back-sticks, and lashings 

Tbtal weight . . 

MORTAR. 

Covered with oak planks. 

Sleepers 

Planks 

Ribbands 

Back-sticks .... 

Total weight . . 

Made entirely ofjir. 

Sleepers 

Planks 

Bibbands 

Baok-sticks .... 



Total loeight 

MADRAS. 

Wood-work. 
Side-pieces . 
Trail-piece . 
Fore transom 
Hind transoms 
Sleepers . . 
Wedges . . 



Xron-work. 
Long bolts, J-in. diameter 
Short bolts, ditto . . 

Total weight . . 



I 



5 

20 

2 



7 
10 

2 
10 



7 
8 
2 
8 



2 
1 
1 
2 
3 
2 



2 

6 



3 
to 



fU in. 

15 

10 6 
15 



7 6 

6 6 

7 6 
1 3 



7 6 

6 6 

7 6 



12 

12 

7 

6 

9 



•5 



n 



'W 



ft in. 

5 
9 
4 



1 
1 



6 
9 
4 






ft in. 

5 
2 

4 



6 

Hi 
4 




4 
6 
9 
6 



6 
3 
4 



6 
4 
4 



4 
4 
6 
3 
6 



•a 



cwt qr. lb. 

4 2 1 

7 3 22 

1 18 

10 



13 2 23 



3 3 7 

5 1 22 

2 10 

15 

9 3 26 



3 

4 



3 
1 



3 7 

2 18 

2 10 

12 



9 19 



18 

1 3 

2 19 
2 20 
16 
2 7 



6 
11 



8 2 16 
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GUN, AND HOWnZEB PLATFORM. 

For carrying this platform, two men are required for each sleeper ; 
one man for each plank, and ribband. The non-commissioned officer 
carries the rack sticks. 

A platform may be laid down in an hour by expert men, and may 
be dismantled in tiiree minutes. 

MORTAR PLATFORM. 

Detailed as dbooe. One non-commissioned officer, and seventeen 
men carry the platform. Time required for laying down, and dis- 
mantling, similar to the above. 

MADRAS PLATFORM. 

In an elevated battery, the platform may be laid down by expert 
men in half an hour, and may be dismantled in three minutes. 

BREACH. 

The best place for making a breach, in ravelins, bastions, &c., is 
about thirty yards from their salient angles. The batteries should 
commence by marking out by their fire the extent of the breach 
intended to be made, first by striking out a horizontal line as near the 
bottom of the revetment as possible, and afterwards two others per- 
pendicular to, and at the extremities of this line. Should the breach 
be required to be extensive, it will be necessary to form intermediate 
lines. Then, by continuing to deepen these two or more cuts, and 
occasionally firing salvoes at the part to be brought down, the wall 
will give way in a mass. The guns must, however, at first fire low, 
and gradually advance upwards until the breach is effected ; and when 
the wall has given way, the firing should be continued until the slope 
of the breach is made practicable. 

TO BURST OPEN GATES OF FORTRESSES, ETO. 

A leathern bag, containing about 50 lb. of powder, should be hooked 
upon the gate, as near the centre as possible (or be laid on tiie ground, 
close to the bottom of the gate, and tamped with sods, &c.), and be 
fired by means of a piece of port£re, or match, passed through a hole 
in the bottom of the bag. 

SCALING LADDERS. 

Scaling ladders are made in portions, 12 feet, and 7} feet long * 
which are joined together by placing the end of one portion into sta- 
ples at the end of another, and securing them to%<&lVx&x ^VOcl ^\«Su!^% 
of rope. Four men are sufficient to carry axv \^ isftV. «»i&^a%^»^^«t- 
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FORTIFICATION. 

Offensioe fortification is the art of conducting a siege. 

Defensive fortification comprehends military architecture, and is the 
art of securing, or protecting a place by wpr&, to resist a si^. 

Natural fortification consists of obstacles, such as marshes, moun- 
tain passes, &;c., which are found in some countries, and should be 
taken advantage of to impede the approaches of an enemy. 

Artificial fortification comprises tiiose works which are constructed 
to defend a place. 

Permanent fortification is the art of putting towns, &;c., into such 
a state as at all times to be prepared to resist the attack of an enemy. 

Field fortification is the method of fortifying a camp, or position, 
buildings, &c., and it includes the construction of redoubts, entrench- 
ments, &c. Works of this nature are considered as temporary. 

Irregular fortification is the art of fortifying a place of an irregular 
figure, situated where the country does not admit of giving to the 
several works their due proportion according to rule. 

A Command is the vertiod elevation of one work above another, or 
above the country. 

A Command in front is when an eminence is directly fiunng the work 
which it commands. 

A Command in the rear, or reverse, is when any eminence is 
directly behind the work which it commands. 

A Command by enfilade is when an eminence is situated in the pro- 
longation of any line of a work, and a considerable part of it may be 
seen from thence; this line will be subject to enfilade, and sudi a 
command is the most dangerous. 

The Rampart (A T R) is an elevation of earth, obtained from 
the excavation of the ditch ; and is that part of the fortification which 
is situated between the ditdi, and the town ; consisting of an interior 
slope, terreplein, banquette, parapet, and exterior slope or escarp. — 
(Vide Plate,) 

The Interior slope (A) is the inclination of earth nearest to the 
town. 

The Terreplein (T) is the upper part of the rampart, which remains 
after having constructed the parapet. 

The Parapet (R) is a mass of earth elevated on the terreplein 
of the rampart, on the side towards the country ; being from 18 to 
22 feet thick, and from 6 to 8 feet high. The top is formed with 
a slight declivity towards the country, which is called the superior 
slope, or plunge. 

The Banquette is an elevation of earth, or step, on which the 
soldiers stand to fire over the parapet. 

The Revetment is the masonry which retains the earth of the ram- 
part on its exterior side. It is about 5 feet thick at the top, and its 
alope is one B^, or one sixth its li^Vit, 
J^ Berm is a space, or path, some\mea\eS\.>)«X.NicfisvV^%«i\i!sni» 
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slope of the rampart, and the ditch. It serves as a communication 
round the works, and prevents the earth falling into the ditch. 

The Tablette is a flat coping-stone, on the exterior of the top of the - 
escarp of whole revetment. 

The Cordon is a semi-circular projection of stone, whose diameter is 
about one foot, placed at the top of the slope of the revetment of the 
escarp. 

The Escarp (a) is the exterior slope, or wall of the rampart. 

The Counterscarp (b) is the wall, or slope of the ditch, opposite to 
the escarp. 

The Faces of a work (p q) are those parts which form a salient 
a^le, projecting towards the country. 

The Flank (q G) is the part of a work so disposed as to defend 
another ; joining the face of a bastion to the curtain, &c. 

■ The Bastion (M L) is a work composed of two faces, and two flanks. 
Bastions are joined by curtains, and are constructed salient, and with 
flanks, in order that the whole escarp may be seen, and that a reciprocal 
4efence may be obtained. 

Bastions are of various kinds — viz., full (M), empty (L), also flat, 
dietached, demi, and tower bastions. 

A Full bastion (M) is when the terreplein occupies all the interi(»r' 
space of the bastion. From the description of this bjistion, that of all the 
others may be ascertained, according to their distinctive appellations. 

ITie Curtain (G R H) is that part of the rampart which lies between 
two bastions, and joins the flanks thereof. 

A Front of fortification consists of two half bastions, and a curtain. 

Hie Ditch (B) is an excavation from 12 to 24 feet deep, and from 
90 to 150 feet broad, surrounding the rampart. The side of the 
ditch nearest the place forms the escarp (a) ; and the q)podte part, 
the counterscarp (b) is made circular opposite to the salient angles 
of the works. 

The Covered uxiy (Y) is a space of about 30 feet broad, extending 
round the counterscarp of the ditch, being covered by a parapet from 
7 to 9 feet high, with a banquette. 

The Glacis (X) is the superior part of the parapet of the covered 
way, forming a gentle slope towwrds the country, and terminating 
at fi*om 120 to 180 feet ; it covers the revetment of the body of the 
place. 

The Places of arms of the covered way are spaces contrived in the 
salient, and re-entering angles of it ; those (c) in the re-entering angles 
flank the branches of it, and contain troops for sallies, and its defence ; 
and those (P) in the salient angles serve for assembling the Troops 
destined for the defence of the covered way. 

The Sallyports are openings cut in the glacis, at the faces of the 
re-entering places of arms, and at the branches of the covered way. 
They are used in making sallies from the covered way. 

The Traverses (n) ill the covered way, are parapets which crosa 
the breadth of it at the salient, and re-entev\w%^\3&R«i qS. vcox^^W:.. 
The/ cover the troops who are diavrn w^ \>e\i\iA ^^ \«x«^ <2»"^ '^^ 
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covered way, from the enfilade fire of the enemy. There are passages 
cut in the parapet of the covered way, close to the traverses, in order 
to form a communication from one partof the covered way to another: 
these passages are about 6 feet wide, and are provided with gates. 

A Citadel is a fortress joined to the works of a place, and is for- 
tified both towards the town, and country. It should always be 
situated on the most commanding gi'ound, serving to keep the 
inhabitants in awe, and^ should the town be taken, it becomes a retreat 
for the garrison. 

T/ie Esplanade is a space of even ground, clear of buildings, situated 
between the town, and citadel. 

The Body of the place (or Enceinte) consists of the works next to, 
and surrounding the town, in the form of a polygon, whether regular, 
or irregular. 

. Outworks are those works which are constructed beyond the body 
of the place, such as tenailles, ravelins, &c. 

The Tenaille (D) consists of two faces, and a small curtain. It is 
constructed between the flanks of the bastions in front of the curtain, 
and has a terreplein, parapet, and banquette. 

The Bavelin (P) is constructed opposite the curtain, (in front 
of the tenaille,) is composed of two faces, which form a salient angle 
towards the country, and of two demi-gorges formed by the counter- 
scarp. 

A Horn-work is composed of two half bastions, and a curtain, with 
two long sides directed upon the faces of the bastions, or ravelins, so 
as to be defended from them. 

A Croum-4Dork is composed of a bastion between two curtains, which 
are terminated by half bastions. It is joined to the body of the place 
by two long sides. 

Lunettes, and Tenaillons are works constructed on each ade of 
ravelins, consisting of two faces. 

A FlSche, or Arrow, is constructed along the foot of the glacis 
before the re-entering, and salient places of arms. It consists of a 
parapet, whose faces form a salient angle, and are about 120 feet 
long, and it has a communication with the covered way, cut through 
the glacis. 

The Caponniere (Y) is a work intended to cover a passage across the 
ditch. That from the tenaille to the gorge of the ravelin is a road 
about 30 feet wide, covered on each side by a parapet 7) feet high, its 
superior slope terminating in a glacis about 60 feet wide. 

A Cunette is a small ditch made in the middle of a dry ditch, to 
drain off the water from the place, &c. 

A Batardeau (e) is a solid piece of masonry, 7 or 8 feet thick, 
crossing the whole breadth of the ditch opposite the flanked angles of 
the bastions. It retains the water in those parts of the ditch which 
require to be inundated. 

A JRamp (t) is a road cut in the interior slope of the nunpart, fonn- 
iag a oommunication from the towTi, &»^., \a \)Dft Vftxr^^^ov. 
A Cavaim' is a work constmctodi u^ik ^£^« \ftrc«^«iXL <:R «. ^oSk 
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bastion, being from 8 to 12 feet above the rampart, with a parapet 
6 feet high. Its use is to command some rising ground within cannon- 
shot, and to serve as a traverse for preventing the neighbouring cur- 
tains from being enfiladed. 

Parallels, or Places of arms, thrown up at sieges, are trenches 
formed to connect together the several approaches to a besieged place. 

Zig-zags, or Boyeaux of communication^ are trenches made for the 
approaches from the parallels to the besieged place. They are gene- 
rally 3 feet deep, and have a parapet, and banquette. 

A Redan consists of two faces forming a salient angle (which should 
not be less than 60°) with parapet, &c.* 

A Lunette has two faces, similar to the redan, and also two flanks.* 

A Redoubt is a square, polygonal, or circular field fort.* 

A Star fort consists of a succession of salient, and re-entering angles, 
formed on the sides of a polygon. These forts are usually constructed 
on a triangle (when they have six salient points), or a square (having 
eight salient points).* 

Tetes de pont, or Bridge heads, consist of redans, &c., which are 
constructed upon the banks of rivers, to protect the passage across 
them.* 

Lines are formed for the entrendiment of armies, and are composed 
of a succession of redans, &c., joined by curtains, which should not be 
more than 120 yards distant from each other, to afford mutual pro- 
tection, and defence.* 

An Epaulm^nt is an elevation of earth thrown up to caver troops 
from a flanking Are. 

Loop-holes are oblong holes, from 15 to 18 inches long, 6 inches 
wide within, and 2 or 3 without. They are cut through timber, or 
masonry, for the services of small arms. 

Palisades are stakes of strong wood, 8 or 9 feet long, and 6 inches 
thick, fixed about 3 feet in the ground, and 3 or 4 inches asunder. 

Praises are a kind of palisades, placed horizontally, or obliquely in 
the exterior slope of ramparts. 

Chevaux de frise consist of a piece of timber from 9 to 12 feet long, 
and about six inches in diameter, into which staves are inserted 
crossways, about 9 inches asunder, about 2 inches thick, 6 feet long, 
and pointed at the end, if not shod with iron. Their use is to stop up 
a breach, defend a passage, or form an entrenchment against cavalry. 
Chevaux de frise are sometimes made entirely of iron. 

Abattis consist of trees with their branches shortened, and 
sharpened at the ends : they are used instead of chevaux de frise on an 
emergency. 

Hurdles are about 3 feet high, and 2 broad, and are used in sieges 
to stop up breaches, &c. 

Trouz de loup are holes dug in the ground in the form of an 
inverted cone, about 6 feet deep, and 4J in diameter «.! \3ofc \ss^> 
having a picket fixed in the centre of \Ja.ft \io\.\«tfi, ^ ^«fc\.\wi^> «sA. 



* Vide FiBLD Fortification, paygea %^ «b^%^»'«*- 
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4 or 6 inches square, the point being on a level with the upper surface 
of the ground. These pits are used to prevent the approach of bodies 
of cavjdry. 

PERMANENT FORTIFICATION. 

Remarks, and general rules. 

The ground plan, and relief of bastioned fortifications are mutually 
dependent on each other ; and, as a variety of causes occur to influ- 
ence both according to the various sites occupied, it is impossible to 
give them any fixed arrangement, and dimensions, applicable under all 
cii'cumstances. However, under the^ supposition that the site to be 
fortified is a horizontal plane, a great number, and variety of systems 
have been proposed at different times ; almost every author, who has 
treated of fortification, having invented one, at least, of his own. 
Notwithstanding this diversity of opinion, as to the best system, all 
agree that the following general principles should not be lost sight of 
in the construction of fortifications. 

1. Salient angles should be as large as possible, and never less^than 
60°. The larger they are, the smaller will be the space in front 
undefended by direct fire. If less than 60°, the salients of earth are 
too acute to stand firmly for any length of time ; and the angles of 
masonry are easily damaged; besides which, the space within the 
parapets becomes too restricted to admit of a gun being worked near 
the angle. 

2. Angles of defence should be right angles, or slightly obtuse. If 
less than right angles, the fire from the flanking works might injure 
the defenders of the works they flank ; as troops generally, and more 
particularly at night, fire in a direction perpendicular to the parapet ; 
and if too obtuse, the fire might be directed wide of its object. Be- 
sides, embrasures should be cut as direct as possible; as the more 
they are oblique, the more they weaken the parapet. 

3. The length of the lines of defence shall be such, that the works 
defended may be within the effective range of the projectiles used. 

4. The works should be so disposed that the assailants may not be 
able to obtain cover in any part of the exterior, within range of the 
projectiles of the defenders. 

5. The escarps of the body of the place should be of such height, or 
construction, as to be secure against escalade. 

6. The masonry should be sufficiently covered from the view of 
the enemy, to prevent his making a practicable breach from a dis- 
tance. 

7. The interior of every work should be completely covered from 
the view of an enemy outside it ; so that he may not be able to fire 
directly into any part of it. Interior works should therefore have a 
command over those in front of them, at least equal to the height 
which a besieger can give to the paxa^ets of his lodgments, and which 

is seldom less than 3 feet. 
8, Every opportunity should \>e waied o^ w ^ja«>M\%^'il%wa^\ 
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works that an enemy may not have it in his power to enfilade them 
bj ricochet fire. 

9. In the general construction of fortifications the salients shoald 
be few, and sufficiently prominent to force the besieger to take them 
before he can attack the re-entering parts. The object of this is to 
reduce the number of points of attack, as, the fewer they are, the less 
advantage an assailant derives from his numerical superiority. 

10. Permanent fortifications must be considered very incomplete 
without a sufficiency of casemated cover for the sick, and wounded, 
and for the portion of the garrison off duty. The magazines of 
ammunition and provisions, should also be secure from the effects of 
shells ; and the supply of water ample, and certain. 

11. Small enclosed works, in which the defenders must be crowded, 
without cover from vertical fire, should never be employed in perma- 
nent fortification. The strength they impart can never make up for 
the loss the garrison must suffer by them. 

12. Outworks, and detached works should have easy communica- 
tions with tlie main work, to admit of their garrisons receiving rein- 
forcements, or supplies, when necessary ; and to enable them to retreat, 
when the works are no longer tenable. 

13. Every enclosed defensive work of importance should, if pos- 
sible, be provided with a keep, or citadel, or interior retrenchment, to 
whidh the garrison may retire when the main enclosure (or enceinte) 
is forced. 

14. Outworks, and detached works near the body of the place, 
should be so constructed that the enemy, when he has taken them, 
may not be able to use them as defensive works. 

15. Outworks, and detached works, should always be of sufficient 
strength to force the enemy to make regviar attacks on them. Ad- 
vanced works of a weak construction are likely to do more harm than 
good ; for the troops of the garrison seeing them taken with com- 
parative facility, would naturally lose confidence in the strength of 
their remaining defences) while that of the assailants would be in- 
creased by early success. 

16. AU fortifications should be provided with means of egress, and 
ingress, to enable the garrison to assume the offensive, whenever 
opportunities offer ; and to admit reinforcements into the fortress. 

17. There are very few fortified places that agi*ee with any pub- 
lished system, though some resemble one or other of the systems, or 
consist of combinations, or modifications of them. The systems whidi 
have been wholly, or partly carried into execution are, of course, the 
most interesting, and form valuable subjects of study. A knowledge of 
their advantages, and defects, and tlie best methods of attacking, and 
defending them, will enable the military student properly to appre- 
ciate works which have been, or are to be constructed ; and the 
operations by which fortresses have been, or may be captured. 
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vauban's first system. 

lb describe three Ihmts of fortification, on a hexagon. 

Vide Plate. 

With a radius of 360 yards, the length of the exterior side of the 
fortification (taken from a scale of equal parts), describe a semicircle, 
which divide into three equal parts, and draw lines to the points of 
division ; thus forming three exterior sides. Bisect each of these by 
perpendiculars drawn to the centre of the polygon, on which set off Jth 
of the exterior side, (if a hexagon,) * through which points draw the 
Lines of defence ; on these set off |ths of the exterior side, from the 
angles of the circumference, for the length of the faces of the bastions ; 
with radius of the distance between the two faces describe arcs joining 
the lines of defence, and draw the chord of these arcs for the flanks of the 
bastions ; a line joining the interior extremities of the flanks will give 
the length of the curtains. 

Or, to describe one Front of fortification. 

For the exterior side, draw a line 360 yards in length, at the 
ends of which, lines are to be directed to the centre of the polygon, 
at the angle required ; (vide Pkactical Geometry — To find the 
angles at the centre, and circumference of a regular polygon,) then 
bisect the exterior side, and draw the perpendicular, &c., &c., as 
described, above, for the construction on a hexagon. 

Main ditch. 
From the salient angles of the bastions, with 38 yards as a radius, 
describe arcs, to which draw tangents, directed to the angles of the 
shoulders of the bastions. 

The Tenaiile. 
Draw lines parallel to the lines of defence, at the distance of 16 
yards, for the faces of the work ; its flanks, and curtain are constructed 
parallel to the flanks of the bastions, and curtain, at the distance of 1 1 
yards. 

The JRavelin. 

From the re-entering angle of the counterscarp, make the capital of 
the ravelin 80 yards in length, and from its summit draw lines to 
points, on the faces of the bastions, 11 yards from the angle of the 
shoulder ; the junction of these lines, and the counterscarp of the main 
ditch will determine the length of the faces of the ravelin. The gorge 
is formed by drawing lines 24 yards from the re-entering angle of the 
counterscarp to the intersection of the perpendicular, and the exterior 
side. From the salient angle of the ravelin, with a radius of 24 yards, 
describe an arc, to which draw tangents parallel to the &ces, for the 
breadth of the ditch. 



* For a square, the length of the perpeuAVcuXai Sa V-%V3ki \.V% «iL\«rtftt %ldA ^ 
/br a peutagoa 1-1 th ; for the hexagon, and otiiw po\^\5,otvs., v^W 
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From the outline of the works draw the following parallels in- 
wards: — 

Rampart, 

1. At the distance of 6 yards, for the thickness of the parapet. 

2. From which 12 yards, for the breadth of the terreplein. . 

3. From which 6 yards, for the breadth of the interior slope. 

Tenaille, 

Draw lines parallel to the faces, at the distance of 6 yards, for the 
parapet. 

Bavelin, 

To the faces of the work draw the following parallels : — 

1. At the distance of 6 yards, for the parapet. 

2. From which 8 yards, for the terreplein. 

3. From which 5 yards, for the interior slope. 

Covered way. 

Draw lines parallel to the counterscarp, at the distance of 11 yard;, 
for the breadth of the covered way. 

Salient places of arms. 

These are formed by the salients of the branches of the covered 
way. 

JRe'entering places of arms. 

Set off 40 yards on each side of the re-entering angle of the counter- 
scarp for their demi-gorges, from which points draw their faces at an 
angle of 100 degrees. 

Glacis, 

For its breadth, draw parallels to the branches of the covered way, 
and the re-entering places of arms, at the distance of 50 yards. 

Traverses, 
Those at the re-entering places of arms are erected perpendicular to 
the covered way ; those at the salient places of arms are formed on 
the prolongation of the faces of the bastions, and ravelins, across the 
covered way ; all the traverses are 6 yards thick at the top. The 
passages, cut out of the glacis, to enable the troops to pass round the 
traverses, are 4 yards wide. 

Bamps, 
Flanked angle of the empty bastion. — From the angle of the interior 
slope set o£f 16 yards on each side, from which points draw lines 
42 yards in length diagonally along the interior slope for the length of 
the ramps ; to which draw parallels, 4 yards distant, for their breadth ; 
erect perpendiculars from the points (16 yards from the angle) until 
they intersect each other, from which point as a centre, with radian <j»^ 
the distance between the ramps, describe an «xc.\ws2Mi^'0a&\isa^^^*^'^ 
rawps of the two faces ; concentric to 7i\jis^, Vy^Sdl ^ T»2ci»ak ^ "^«s. . 
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less than the forma:, deeoribe another arc, to which draw tangents from 
the termination of the ramps, representing their slopes. 

Gorge of the fall bastion. — ^From the angle of the interior slope, set 
off 16 yards on eadi side, from which points draw lines 42 yards in 
length diagonally along the interior slope ; draw parallels to these at 
the distance of 5 yards, for the breadth of the ramps ; erect perpen- 
dicalars at their h^, from the intersection of which as a centre, with 
radios of the distance between them, describe an arc, parallel to which, 
with radius 6 yards less, describe another arc, to which draw tangents, 
completing the interior slope of the ramps. 

Flank of the empty bastion. — Set off 42 yards, from the angle of 
the flank of the interior slope, diagonally along the slope, for the 
length of the ramp, to which draw a parallel line 5 yards distant, for 
the breadth, prolonghig it to the top of the int«rior slope, and setting 
off 6 yards for the interior dope at the head of the ramp ; to which 
point, from the end of the ramp, draw a line ; and also from the same 
point draw another line parallel to the prolongation of the side of the 
ramp, and joining the interior slope of the &ce of the bastion. 

Ravelin. — From the angle of the interior slope, set off 12 yards on 
each side ; from these points draw lines 30 yards in length, diagonally 
along the interior slope, for the length of the ramps ; to which draw 
parallels 4 yards distant for their breadth ; erect perpendicularo at the 
commencement of the ramps, and from their intersection, as a centre, 
with radios of the distance from the ramps, describe an arc joining 
the two ramps : also from the jonction of the perpendiculara draw 
lines to the termination of the ramps, for their slopes. 

Ccgxmniere. 
Make the passage of this work 10 yards wide, including the banqoette 
on each side : the soperior slope of each parapet terminates at 20 yards' 
distance. 

Bridges^ and communications. 
These are about 14 feet wide. 

Stairs, or Pas de souris. 

These steps of masonry are made at the gorges of the several works, 
and at the salient, and re-entering angles of the counterscarp. Those 
at the salients are generally 24 feet long, and at the re-entering angles 
30 feet ; they are 5 feet wide, and their steps 1 foot distant from each 
other. 

Sally-ports. 

These passages, cut through the glacis, are about 12 feet wide, and 
18 feet long. 

PROFILE, OR SECTION OF VAUBAN'S FIRST SYSTEM. 

{instruction, 
Ti&e interior slope of the rampart Yoa SL^naft o^ \^ fefcV^ «sA ^ ^x- 
pmdicuhar hdgbt of 17 feet 6 mc\ie8. 
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The terreplein has a breadth of 25j- feet, its height being 18 feet 
sloping to 17 feet 6 inches, the height of the interior slope. 

The banquette is 8 feet in height, the tread 4 feet wide, and the 
slope 5 feet wide^ 

The parapet is 4 feet 6 inches higher than the banquette, its interior 
slope is 18 inches, its thickness 18 feet, and its superior slope has a 
declivity of 3 feet ; the revetment is 3 feet thick. 

The escarp has a .p^*peiidicular he^ht of 36 feet, measuring from 
the cordon to the bottom of the ditch. 

The tablette, or coping-stone, at the top of the revetment, has a 
projection of 6 inefaes square. 

The cordon is seiaiciroalar, its n^us being 6 inches. 

The slope of the escarp is 6 feet, the thickness of its revetment at the 
top 5 feet, and at the bottom 11 feet. 

The counterfort joins the escarp : it is 1 foot lower than the top of 
it, 9 feet wide, and it extends to the bottom of the foundation, whidi 
is 3 feet beloW the bottoM of l^e escarp ; the retreat, or kssening, has 
a width of 1 fbotk 

The ditch is 38 yards wid^ froin the salient angle of the bastion. 

The counterscai^p is 17 feet 6 indbes in perpendicular height^ jfs 
slope being 3 feet, and its ttHckness at top 3 feet, the bottom, there- 
fore, having a thickness of 6 feet ; the foundation is 3 feet ; and the 
retreat 1 foot. 

The terrepleift of the oovei'ed way is 20^ feet wide, and its slope is 
6 inches. The banquette is 3 feet high, its tread 5 feet, and its slope 
6 feet. The parapet is 4 fe^ 6 inches above the banquette, and its 
interior slope is 18 inches. The glacis, which forms the superior slope 
of the parapet of the covered way, is 50 yards in breadth. 

The counterfort of the conhterBciu|> is 5 feet in thickness, being 
1 foot lower than the tq» of the counterscarp, and extending as low as 
the foundation of it. 

The counterforts of the esearp, and counterscarp are 15 feet distant 
from centre to centre of each other, those of the escarp being at the 
end adjoining it 5 feet 6 inches, and at the termination 3 feet 8 inches 
thick ; those of the counterscarp being in thickness at the larger part 
3 feet 6 inches, and at the smaller 2 feet 4 inches. 





Vide Plate. 






Modern System. 
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Face of bastion. 
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Batardeau. 
Ravelin. 

Redoubt in ravelin. 
Counterscarp. 
Traverses in covered 
way. 
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Re-entering places of arms. 
Redoubt in ditto. 
Salient places of arms. 
Covered way. 
Glacis. 



FIELD FORTIFICATION. 
BEMABKS, AND GENERAL RULES. 

1. The size of a work depends in general upon the number of 
men who are to defend it. If labour is the sole object of attention, 
the advantage must necessarily be the greater in proportion as the 
size of the work is less ; but if the accommodation of the troops is 
only to be considered, the advantage depends greatly upon occupying 
much ground. 

2. The form of the work should be such as to contain the greatest 
surface with the least perimeter. By an adherence t^ this maxim, 
we obtain the greatest accommodation for the troops with the least 
labour. The form of a field work seldom depends upon choice, but 
generally upon the spot where it is to be raised, the purposes for 
which it is to be constructed, and the nature of the ground in the 
vicinity. 

3. The interior of the work ought to be so covered by the parapet, 
that the men within, except when on the banquette, may not be seen 
firom any part without, at the distance of cannon-shot. 

4. The circumjacent ground (to as great a distance as possible) 
ought to be deared, that the enemy may not conceal, or shelter 
himself against the fire from behind the parapet. The nearer to 
the work that the enemy can find cover, tiie more advantageously 
he can form his dispositions ; and, as his attacks may consequently 
be made with greater vigour, and be more readily supported, the success 
will be the more probable. 

5. The flanking parts ought to be sufficiently capacious to 
contain all the men required for the defence of the flanked portions 
of the work. 

6. The flanking parts ought to have nearly a direct view of those 
flanked ; that is, the defence should be nearly at right angles, the most 
advantageous angle being 100 degrees. 

7. The parts flanked ought to be within musket fire of their flank- 
ing parts. 

8. The fire ought to be equally distributed, that every part of the 
work may be equally defended. 

9. The work ought to be equally strong in all its parts, that it may 
everywhere equally resist the assaults of the enemy ; and the parapet 
should be thick enough to withstand the shot fired against it. 

10. The dimensions of the parapet should not only be suflicient to 
BecarCf and cover the troops w\t\i\n \]^« "woTys., Wt ou^ht also to be ot 

such a form as to afford a full view ot \\ie wi^tK^ m"^ ^.Y^-w^^N^smV 
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at the same time discover, as little as possible, the men employed for 
its defence. 

Capacity of Field works* 

The perimeter of a Field work, and the number of men to defend it, 
should bear a just proportion to eadi other, according to the nature, 
and object of the work: Linear measurement (on the crest of the 
parapet) 1 yard being allowed for each man, or for each file of men ; 
and 5 or 6 yards for each gun : Superficial measurement (area within; 
the banquette) 2 square yards for each man, and 36 square yards for 
each gun. Various authors, English and French, have published ruletf 
for determining the size of Field works, and there is a great discrepancy 
in their conclusions : the following rule (adopted at the Koyal Militaiy 
College) for computing the area, and perimeter of a square Redoubt 
will, however, meet the general requirements of these works. 

Multiply the given number of men by 2, and the number of guns 
by 36, for the number of square yards which the work ought to con- 
tain within the foot of its banquette : the square root of the product 
will be the length, in yards, of the side of the square forming that 
area : add to this result, the breadth of the two interior slopes of the 
parapets, and of two banquettes, with their slopes (about 7 yards), 
and the length of the side of the squai-e, formed by the crest of the 
parapet, will thus be determined. 

Eules. 

1. To find the quantity of earth required for the parapet, and ban- 
quette of a field work, &c. 

Divide the parapet, and banquette into trapezoids, and triangles; 
compute the contents of each separately (by the rules in Mensi] ration 
OF Planes), and the sum of them will be the snperfidal content of a. 
section of the parapet, and banquette. Multiply this by the length of 
the periphery of the redoubt, batteiy, &c., for tiie solid content of the 
parapet, and banquette. 

In square redoubts, or works having salient angles, if the areas of 
the sections of the parapet, and ditch, are made nearly equal, there- 
will be too much earth ; were the angles of the plan re-entering, 
instead of salient, the result would be reversed. Bearing this in mind, 
previous to commencing the excavation of the ditch, an allowance 
must be made to prevent any excess, or deficiency of earth for the 
parapet, and banquette. 

2. To find, rapidly, the quantity of earth required for a parapet, 
and banquette. 

Multiply the height of the crest of the parapet, into the sum of the 
bases of the superior, and exterior slopes ; which will give the super- 
ficial content, very nearly. 

3. To compute the superficial content of the ditch. 

Multiply the depth into the breadth a.t \>o\.\isa\, \ft ^\a^ -^g^v:^^ 
add the areas of the escarp, and counteTsca-Y^^ fcx >i5afe wsoX.<so^.^^6»^^'^^' 
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4. To find the breadth of the ditch, of the usual form. 

Divide the area of the section of the parapet by the intended depth 
of the ditch, and the quotient will be the mean breadth of the ditch ; 
to this add half the sum of the bases of the slopes of the escarp, and 
counterscarp, for the breadth at top, and deduct the same for the 
breadth at bottom. 

5. To find the breadth cf the ditch, having a triangular section. 

Divide the area of the section of the parapet by half the given depth 
t>f the ditch, and the quotient will be the required breadth at the top. 

Construction of Field worha, — Vide Plate, 

Fig. 1. The redan. 

Draw a base line, 60 yards, from the centre of which erect a per^ 
pendicular, 40 yards ; jom the terminations of the base, and perpen- 
dicular, which will form the crest of the parapet of the work. 

Fig, 2. The lunette. 

Construct a redan (wdis No, 1), base 80 yards, perpendicular 
50 yards : make the feces of the lunette 45 yards in length, and draw 
the flanks to points on the base liue, 30 yards, from the perpendicular. 

Fig, 3. The square redoubt. 

Construct a square, each side 40 yards (vide Practical Geometbt). 
To form additional faces when required, bisect the side of the square, 
draw perpendiculars inwards equal to Jth of the side, and join the ter- 
mination of the perpendiculars, and the sides of the square, thus form- 
ing a double number of faces. 

Fig, 4. The pentagonal redoubt. 

Describe a circle, radius 30 yards, and constmet a pentagon in the 
circle (vide Pbaotioal Geometbt), thus forming the crest ci the 
parapet of the redoubt. 

Fig, 5. fhe hexagonal re^hubt. 

Describe a circle, radius 30 yards, and construct a hexagon within 
it (vide Practical Geometry) ; the sides of which form the crest 
of the parapet of the work. 

Fig, 6. The circular redoubt. 

Describe a circle, radius 30 yards, which will form the crest of the 
parapet oi ike redoubts 

Fig, 7. IT^e star fort, with six points. 

Construct an equilateral triangle, and divide each side, 75 yards, 
into three equal parts : form also an equiUteral triangle on the centra] 
portion of each side, 25 yards, and the crest of the parapet of the fort 
will be traced. 

/^. 8, I%e star fort f with eight points. 

CoDstruct a square : divide each %\de, ^Q ^j«t^> VoJwi VJowfe ^jjoA 
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parts, and on the central portion, 20 yards, describe an equilateral 
triangle : the perQ)her3r of the fort will thn^ be obtained. 

Fig, 9. The field fort^ with b<xst%<mSf and half bastions. 

Construct a square ; from the centre of each side, 120 yards, drop a, 
perpendicular equal to one-eighth of the side, through the extremity of 
which, from the angles of the square, draw the lines of defence ; make 
the faces of the bastions, and half bastions, twonsevenths of the exterior 
side, and draw the flanks perpendicular to their respective lines of 
defence. 

Fig, 10. The bridge head^ or tete dupont. 

Construct a redan, base 50 yards, perpendicular 30 yards, at an 
appropriate distance from the bridge, 50 yards ; draw flanks, 20 yards, 
perpendicular to the faces, and from their termination draw lines to the 
river parallel to the capital of the work. To strengthen the interior 
defence of the tSte du pont, construct a fldche, faces 20 yards each, and . 
10 yards in front of the bridge, which is 4 yards wide. 

In the construction of bridge heads, the forcing Figures may be 
employed when expedient ; the simplest form, the redan, being for 
light bridges, and the more perfect defence, the bastioned front, or 
fronts, for bridges of material consequence. 

Figs, 11, 12, 13. Zines.^Vide Plate. 

Fig, 11. Construct a redan, base 40 yards, perpendicular 30 yards ; 
which join by a curtain 100 yards, to a queue d'aronde. 

Fig, 12. Side of square, 35 yards, and lines drawn from summit to 
points on the curtains 10 yards. To increase the defence of the next 
curtain, 100 yards, bisect it by a perpendicular, 15 yards, and draw 
the two faces. Lengthen the lines by cremaill^res. 

Fig. 13. Base 100 yards; crochet, base 5 yards; perpendicular 
20 yards. 

ZineSf continuouSf are formed by a modiflcation of redans, lunettes, 
curtains, &c., dependent on the nature of the ground, and the means of 
defence. 

LineSf with intervals^ are formed by detached redans, lunettes, &c., 
within range of each other ; the rear works flanking those in front. 

Bridges, and passages into field works are from 6 feet, to 12 feet 
wide, according to the requirements. 

Traverses are placed about 9 feet from the slope of the banquette, 
their length being so regulated as to exclude from the view of the 
enemy the interior of the field work. 

The nature, and form of the field work, or lines, required for the 
defence of a post, &c., &c., having been determined, the perimeter may 
be laid down, in conformity to the construction detailed in th^ ^^^xsi:- 
going figures: after which the requisite ^\va«ns\a\i& ^1 '^^ ^^«sw?^^ 
ditch, &c,, (dependent, of course, ou l\ie iia\.\it<i Q^^iJs^'i ^^ssit ^^-^^sasasa^ 
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PAET XIIL 
BRIDGES, AND PONTOONS. 



BRIDGES. 

1. lb find the number cf planks required to form a floaty tosupport 
a given weight, 

1st. Find the content of one plank (vide Practical Geometry, 
Part 15), and multiply it by tiie specific gravity of the wood ; the 
product will be the weight of the tin&er, 

2nd. Multiply the same solid content by the specific gravity oi 
water : the product will be the weight of an equal bulk of water. 

Then take the difference of these two products, or weight, and it 
will be the weight one piece of timber will support without sinking. 
Hjence by Froportiotk, the number i:equired to support the given weight 
may be found. 

Ifoter-A. fir tree, 1 foot square and 26 feet long, will float about 703 pounds. 

2. To find the number of casks required to form a raft to support a 
given weight, 

1st. Find the solid content of one cask in cubic, inches (vide Prac- 
tical Geometry), and multiply it by the specific gravity of water j 
the product will be the weight of a quantity of water of equal bulk 
with the cask. 

2nd. From this product, or weight, subtract the weight of the cask, 
and the remainder will be the weight it will support without sinking. 
Then by Proportion, the number required for the formation of the raft 
may be found. 

3. 7b find the number of boatSy or pontoons, required to support 
a, given weight. 

The burthen a boat, or pontoon, will support without sinking beyond 
a given depth (the form of the boat, or pontoon being known) must 
first be found, thus — 

1st. Find the solid content of the part to be sunk, in cubic feet (vide 
Practical Geometry, Part 15), and multiply it by the specific 
gravity of water (vide Gravity, Part 15). 

2nd. Subtract this product from the weight of the boat, or pontoon, 
and the remainder will be the bux^heu it \t\VL wvi^^rt without sinking 
ifejrond the required depth. 
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Then by Proportion, the number required to support the. given 
weight may be computed. 

Note.— In the constmction of bri(]^es, should a rope require to be extended 
acroBs a rapid river, the coil should be placed in the boat (Instead of on sh(M'e), 
and be paid out as the boat advances. 



PONTOONS. 

Those called Blanshard*s (from their inventor, M. General Blanshard, 
Boyal Engineers) are of two descriptions. 

1. — ^LAROE PONTOONS. 

Displacement of water, 97 J cubic feet, equals 6088 lb., or 54J cwt. 

The buoyant power of a raft of two pontoons, its own weight de- 
ducted, is 77 cwt., about one-half of which is a safe load. Each raft, 
or one carriage load, forms 2 bays, or 20 ft. 8 in. of bridge : its own 
weight will sink it about 7 or 8 inches. The crew of a rait consists of 
6 rowers, and 1 steersman. 

At open orefor. the bridge will pass cavalry, field artillery, or in- 
fantry with closed files. 

At close order the bridge will pass any part of a heavy train. 

Dimensions, and iceight of cylindrical pontoons, manufactured in the 

Arsenal at Woolwich, 



Large Pontoon, 
With hemispherical ends. • 

Small Pontoon, 
With conical ends .... 


Extreme 
length. 


Diameter. 


Weight. 


ft. in. 
22 3 

15 


ft in. 
2 8 

I 8 


cwt 
4 
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ONE CARRIAGE LOAD. 



- 



Pontoons . . . . . 

Baulks 

Chesses 

Half-chesses . . . . 

Gunnels 

Side-pieces 

Anchor 

Buoy 

Cable (20 fathoms) . . 

Oars 

Boat-hook 

(Body . . . 
Lashings < Gunnel . . 

( Carriage . . 
Rack-sticks, and lashings 
Buoy-line • . • . . 
Breast-line 



Weight of Carriage . 
Total . . . 



B 

p 



DimeDSioDB. 



2 
12 
8 
4 
2 
5 
.1 
1 
1 
7 
1 
3 
4 
4 
8 
1 
1 



5 



ft. in. 
22 
14 2 
12 

11 5 
12 
10 4 



168 
14 
14 
8 9 
15 
22 



5 

I 



ft. in. 

2 7 
5 
2 



1 



2 
5 



60 
60 



5 
ex, 



ft in. 
2 7 
3 

4 

2i 



-a 



cwt. qrs. lb, 
9 19 
5 



1 
1 
1 
1 



1 
1 



\ 



1 1 
3 19 
3 
3 19 
1 
3 1 

3 
1 18 
3 14 

7 
20 

8 

14 
5 
5 



31 1 
13 3 20 

45 O 20 



2. — SMALL PONTOONS. 

Five pontoons, with their appurtenances, form the load of one 
carriage. Length, 15 feet; diameter, 1 foot 7 inches; displacement, 
27} cubic feet; buoyancy, 17181b., or 15^ cwt., from which deduct 
2 cwt. for the weight of pontoon, and share of superstructure. A 
bridge of this nature is so light tiiat it may be made on shore, and 
carried by hand entire. It will support as many men as can be 
placed on it, and, by removing the chesses over the gunnels, it may be 
bent so as to be passed without difficulty down a steep bank, or coun- 
terscarp. 



* The length inc\QAe& tbft\iexfi!^\i«A!c«\ «wJ&. 
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ONE CARRIAQE LOAD. 



Pontoons 

Gunnels 

Baulks 

Chesses 

Paddles, used as side-pieces 
Rack-sticks, and lashings. 
Carriage lashings • . . 
Anchor, and cable . . 

Weight of the Carriage . 
Total .... 


1 

5 

5 

30 

20 

5 

10 

2 

1 

1 


Dimensions. 


t 


«. 


• 


• 

& 


ft. In. 

15 
8 4 
6 6 
8 


ft. in. 

1 7 
9 
3 

1 4 


ft in. 

1 7 

3 

IS 


cwt. qrs. lb. 

5 

3 12 

119 

4 20 

1 27 

6 
5 

2 








12 1 23 
9 


21 1 23 



* The length includes the ends. 
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PAET XIV. 
FIREWORKS. 



CASES. 



Cases are made of different dimensions according to the descriptioD of 
firework required, and the length of time it is intended to bum. 

The following is a description of the method generally adopted in 
making cases. 

The "Former" is a cylinder of such size as may be required, of 
wood, solid brass, or brass tubing : the last is to be preferred on 
account of its lightness and non-liability to alter its shape like wood. 

The paper used is good strong brown paper, weighing not less than 
841b. to the ream — cut up into slips, the width of paper cor- 
responding to the Imgth of the case. As the paper is always tougher 
in one direction than the other, care must be taken to cut it so as to 
roll up in the direction in which the paper is tough. 

A slab of slate, about 18 inches wide and 4 feet long, with a 
polished surface, is generally used to roll the paper upon, and a 
wooden board with a handle at the back is required to press the layers 
of paper together afler the paper has been rolled. 

To roll a case, — Place the piece of paper on the slab, paste over the 
whole of the upper surface ; then lay the foi-mer upon the paper close 
to the bottom edge, and parallel to it. Roll up tightly to the top, 
using as many slips of papers as is necessary for the thickness of the 
case. Press down the wooden boaixl upon the case and former, rolling 
it forward, until the layers of paper adhere closely, and the case is of 
the proper guage. Slip the case off the former. 

If required for a rocket, or other contracted case, it must then be 
choked with a strong piece of cord until the vent is reduced to the 
size of the spindle that will be used when the case is driven. 

ROMAN CANDLES. 

When the case has been properly finished, ram in a little dry clay, 
then put in a small quantity of grain powder, then a star, after 
which a ladle full of composition is to be put in and lightly rammed 
down. Repeat this operation with the powder, star, and composition 
till the case is filled, after which it must be primed, and capped. 

The ladle used for this and all other cases ought to be two dia- 
meters and a half in length, and a \\U\« U^ ^Imcei half a diameter in 
height, so as to admit of its cnterm^ \]l[i% c&^. 
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Roman candles fired alono ai'e generally placed upright in rows, bat 
when tised in connection with a fixed piece, they may be fired at any 
inclination, not exceeding 45°. 

Signal rocket composition, with about 4 oz. of mealed powder to 
the proportions hereafter given, makes about the best compositicp for 
Roman candles. 

The signal rocket stars are also the best for Roman candles ; they 
ought to be just of such size as to drop readily to the bottom of the 
case. 

CRACKERS. 

The case is made of cartridge paper, the dimensions required being 
1 5 inches by 3^ inches. First fold down one edge, about •} of an inch 
broad, then turn down the double edge about ^ of an inch, and bend 
back the single edge over the double fold, so as to form within a 
channel, which is to be filled with mealed powder, not ground very 
fine ; the powder is then to be covered by the folds on each side, and 
the whole is to be pressed by a flat ruler ; and the part containing 
the powder is to be folded into the remainder of the paper, every fold 
being pressed down. The cracker is then doubled backwards, and 
forwards in folds about 2^ inches, which are pressed quite close, and 
a piece of twine is passed twice round the middle across the folds, 
and the joinings secured by causing the twine to take a tui-n round 
the middle at each fold successively ; one of the ends of the folds 
may be doubled short under, which will produce an extra report ; the 
other must project a little beyond the rest for the purpose of being 
primed. 

EARTHQUAKE, ARTIFICIAL. 

Mix together twenty pounds of iron sand, and twenty pounds of 
sulphur : and after mdcing it into a paste with water, bury it a little 
depth in the ground. In ten or twelve hours, if the weather be warm, 
the earth will swell up, and burst ; fiames will also issue out, scatter- 
ing around a yellow and black dust. 

GERBES. 

Gerbes consist of strong cylindrical choked cases of thick paper, 
filled with brilliant composition, and sometimes with balls, or stors. 
Gerbes throw up into the air luminous and sparkling jets of fire ; and 
when arranged in a circular manner, as the radii of a circle, they form 
what is called a fixed sun. The thickness of the cases for brilliant 
fire must ))e a fourth part of the diameter, and for Chinese fire a sixth 
part. The case is loaded on a nipple, having a point equal in length 
to the same diameter, and in thickness to a fourth part of it ; but as 
it generally happens that the mouth of the jet becomes larger than is 
necessary for the effect of the fire, the case should be first diarged by 
filling it to a height equal to a fourth part of the diameter, with clay, 
which must be rammed down. When clay has been thus iasft4^'!3Kc^ 
must be taken to clear it out at the to^ ot \)Rfe VcJ^ww VS\. \s^ "^^ 
spindJe. When the charge is com]p\ftteaL ^\>;3ii ^<i ^^m-^^iCvsii^ "^^ 
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caw diODld be eloacd with aboat two drachma of powder, and thta 
choked. Tho tmia, or match, mnst be of the uujq compoAJtion as 
that employed for loading, otherwise the jet wonld be subject to bniBt. 
J^ intended for representiog aheeta of fire ought not to be choked^ 
Tbey must be placed in a boriiontal potiCJon, oi inclining a little'down- 

Corapoiition for Oerbes, orjetsoffire. 



„. I Brilliant fli^ 
"^V White a 
' I Chinese &e I 



Sand, iBtorderS 
Filings, , , 5 
Sand, 3rd orderly 
MisedSand . 



ilb. 



iSBe toJ^,jjjj^^jg g^^ 



The saltpetre, powder, aod chnrcoal, are three timea aifted tbrough 
a hair sieve. The iron filingi are preserved from the deterioration, 
vrhich would reault from the presence of eulphur, bj coating them 
with marine glue. Tliis is done bj cutting up 2 oz. of marine glue 
into amall pie(«a, aad melting It in a pan with 1 lb. of iron filings. 

They are thea added to the other ingredients, and the whole mixed 
bj band, or with a hruih. 

ThH composition ii put in by ladlesful ; the Rnt two oi^t to be 
of obarcoel 2 oz., mealed powder 1 lb.,[md driven in with a nudlet and 
drift, 15 blows to each ladlel'ul of cornposition. 

All mallets, and drifts used for fireworks should be mode of box- 



Having broken a cait-iron plate, or iron pot, to pieces, on an anvil, 
pulverize the fmgmenta till the graina are not larger than radiafa *eed, 
then aifl them tbroueh six graduated sieves to nparate the diffsrent 
alzesi and preserve these (;'■"■■'■ 
cloaety-cockai bottles. The 
Saat litre, are called Sand o 



n BIX graauatea sievKi lo separaTe we diDarenl 

lese «ix different kinds in a very dry place, ii 

The gcwDB ij\i\[:b ^as* through the fint oi 

i Sand oy (he lit order, aiA ^oow '^lU. ^ta 
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throagh the second sieve, Sand of the 2nd order, 8cc, Cast-iron 
borings are well adapted for this purpose. 

LEADERS, OR PIPES OF COMMUNICATION. 

These are small tubes of paper^ of lengths adapted to the distances to 
which they are to extend. The paper is cut into slips two or three 
inches broad, or sufficient to go four times round the formers, which 
are about one-fourth of an inch diameter. Brass wire formers are the 
best, and should be oiled to prevent the paper sticking. Quick match 
is inserted in these tubes, but must be made to go in easily. The quick 
match should project an inch beyond each end of the leader, and should 
be inserted into the mouths of the cases of the fireworks with a small 
quantity of mealed powder. The leaders must not be placed too near, 
or cross each other so as to touch, as it may happen that the fire from 
one may communicate to another^ and destroy thereby the intended 
arrangements. 

MARROONS. 

Marroons are boxes containing from 1 to 6 ounces of powder. They 
are made either on a square, or round former, and the ends of the 
paper are pasted down, and well welded round with kitted twine 
worked over cross-ways. A hole is bored into the case, and a match 
inserted. 

MEALING GUNPOWDER. 

A small quantity of powder being placed on a table with a rim 
round it, is rubbed down with a scored wooden mealer until all the 
grains are broken, and it becomes sufficiently fine to pass through a 
lawn sieve. Or, it may be beaten in a strong leather bag with 
wooden mauls : or, ground in a revolving drum with copper balls ; 
projecting ribs being constructed in the interior of the drum, and 
•covered with leather. 

PORTFIRES FOR ILLUMINATIONS; OR SPECKIE OF LANCES. 

The cases are made of three or four rounds of demy paper, the last 
round being pasted ; they are from two to five-eighths of an inch in 
diameter, and from two to six inches long; they are pinched close at 
one end, and left open at the other. In filling them, a small quan- 
tity of the composition must be put in at a time, ramming it lightly, 
so as not to br^ the case. 

The composition should be inserted by means of a funnel and wire ; 
the wire being moved up and down in the case admits a small quan- 
tity at a time through the neck of the funnel, and presses it gently 
down. 

Brilliant, and diversified displays of fireworks may be readily 
exhibited by means of speckie of lances. Illuminated de&vsgfssk ^<L 
figures, &c., are represented by affixing on «l \AaOk.\wm\ «roai\ ^»«& 
Siled with various coloured coinpo8Vtioii:&, \a "wVvOa. V».^'s* \£ss»\.>«. 
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attached. .The cases are fastened on with glae, and red lead mizad 

together. 

Compositions. 











White. 


Yellow. 


Blue. 


Yellow. 




lb. oz. 


lb. oz. 


lb. oz. 


lb. OS. 


lb. oz< 


lb. oz. 


lb. oz. 


Saltpetre . . . 
Sulphur .... 


1 


6 


2 


2 4 


8 


I 2 


1 


8 


2 


3 


8 


I 


4 


8 


Mealed powder 


6 


I 




4 


12 




10 


Antimony, crude . 




1 


1 


4 








Otim Succum . . 










8 






Antimony, prepared 












8 




Basket salt . . . 














6 



Stars, crosses, revolring suns, &c., being fixed on the wooden fi-ame 
with the speckie, will form a brilliant display. 

BAIN, GOLD, AND SILVER. 

Fill small paper cases, the same as cases for lances, with the 
composition, and place upon the mouth of each some moist powder, 
both to keep in the composition, and to serve as a match. If the 
head of a rocket be loaded with these cases, or quills, a shower of 
fiery rain will be produced at the extreme range of the rocket. 

Compositions, 

Gold Hain, 

1. Mealed powder, 12 oz. ; saltpetre, 2 oz. ; charcoal, 4 oz. 

2. Saltpetre, 8 oz. ; sulphur, 4 oz. ; mealed powder, 12 oz. ; char^ 

coal, 5 oz. 

Silver rain, 

1. Saltpetre, 4 oz. ; sulphur, mealed powder, and antimony, each 2 oz. - 

sal prunella, } oz. 

2. Saltpetre, 8 oz. ; sulphur, 2 oz.; charcoal, 4 oz. 

3. Saltpetre, 1 lb. ; antimony, 6 oz. ; sulphur, 4 oz. 

4. Saltpetre, 4 oz. ; sulphur, 1 oz. ; powder, 2 oz. ; steel dust, } oz* 

BOOKETS, LINE. 

Any rocket, which is not very large, may be made to run along an 
extended rope. For this purpose affix to the rocket an empty case, and 
introduce therein the rope which is to carry it, placing the head of the 
rocket towards that side to which it is intended to move. Two rockets 
with an empty case may be simUatl^ xiiwd, and may bo made to more 
in a ntrograde direction by p\acVn^\iianN«\^V5BsftxV^»A^^^«^«9V^^acd, 



PART XIV.] FIREWORKS. 265 

a leader to oommunicate from the head of the rocket to be first ignited 
to the tail of the second. 



BOCKETS, SIGNAL.. 

Composition. 

Pulverized saltpetre, 41b.; sublimed sulphur, lib.; dogwood 
charcoal, 1 lb. 12 oz. 

The charcoal is first pounded fine enough to pass through a wire 
sieve, 36 meshes to the inch. The saltpetre and sulphur are each 
separately passed through a fine hair sieve, then mixed well together 
with a copper slice, and passed three times, through the hair sieve. 
The charcoal is then spread on a tray, and the saltpetre and sulphur 
sifted a fourth time on it, and the whole being carefully mixed with a 
*hard brush, is afterwards passed four times through the wire sieve. 

To each ladlefiil of composition, 25 blows are given for the pound, 
and 21 for the half-pound rocket. 

Twenty-eight ladlesful of composition (Tj oz.) are required to com« 
plete the pound, and twenty-five (5 oz.) the halNpound rocket. 

To prevent accidents in driving rockets, &c., the workman should 
keep his body erect, the drift being well cleaned after each ladleful ; 
and while driving, it should be moved backward, and forward by a pair 
of holders. 

Rockets are driven 8} calibres hollow, 1 calibre solid, and ^ calibre 
with clay. 

Moulds, 



1 Pounder 
^ Pounder 



Exterior 
Interior 
Exterior 
Interior 



Length. 
14 inches 
10-5 „ 

n-6 .. 

8-5 „ 



Diameter. 
. 3-9 
. 1-7 
. 2-3 
. 1-3 



1 



Pounder 
Pounder 



Spindles, 

Diameter. 
Top. Middle. 

•2 ... -3 . 



Bottom. 
. -5 . 
. -4 . 



Length. 
. 6-4 



Drifts. 
Length. Diameter. 
12*1 inches 1*1 . 



1 Pounder * 



J Pounder 



10 


99 


1-1 


7-3 


»9 


1-1 


6-8 


»» 


1-1 


9-3 


99 


•9 


7-1 


» 


•9 


4 


»» 


•9 



Hollowed. 

6-5 . 

5-7 . 

2-5 • 

Solid • 

5-4 . 

2-3 • 

Solid . 



5-2 

No. 
1 
2 
3 

4 

1 
2 
3 



The rocket is primed with mealed powder » ttxvdi «^m\& ^ Vvaa% 

When cowpJete, the length of the ]po\ffli8ix<Ki'te\.Ssk\^*>aM^'»*» ^*=^^ 
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the half-pound 12 inches ; the weight of the pound rocket and stick is 
Ij lb. ; and the half-pound, 13 oz. 

Length of sticks for rockets, 
l-Pounder rocket . 8 feet. Half-pounder • 6 feet 4 inches. 



No. 1. 


Star compositions. 


Saltpetre, pulverized 
Sulphur, sublimate<l • 
Antimony, pounded . 


. 81b. 
. 2 1b. 
• 2 1b. 


Isinglass, dissolved 
Vinegar . 
Spirits of wine , 



• S^ oz. 

• 1 quart. 

• 1 pint. 

2. White stars. Mealed powder, 4 oz. ; saltpetre, 12 oz. ; sulphur 
vivum, 6 oz. ; oil of spike, 2 oz. ; camphor, 5 oz. 

3. Blue stars. Mealed powder, 8 oz. ; saltpetre, 4 oz. ; sulphur, 
2 oz. ; spirits of wine, 2 oz. ; oil of spike, 2 oz. 

4. Brilliant stars. Saltpetre, 3 J oz. ; sulphur, 1 J oz. ; mealed 
powder, f oz., worked up with spirits of wine. 

5. Common stars. Saltpetre, 1 lb. ; sulphur, 4 oz. ; antimony, 
4} oz. ; isinglass, } oz. ; camphor, } oz, ; spirits of wine, ^ oz. 

6. Tailed stars. Mealed powder, 3 oz. ; sulphur, 2 oz. ; saltpetre, 
1 oz. ; charcoal, coarsely ground, J oz. 

7. Drove stars. Saltpetre, 1 lb. ; antimony, 4 oz. ; sulphur, 8 oz. 

8. Fixed pointed stars. Saltpetre, 8^ oz. ; sulphur, 2 oz. ; anti- 
mony, 1 oz. 10 drs. 

The dry ingredients are well mixed, and sifted through a hair sieve : 
the isinglass dissolved over a fire with vinegar,*and^the spirits of wine 
afterw£«rds added, and with which the dry composition is thoroughly 
mixed. It is then formed on moulds, and a hole is left in the middle 
to assist its ignition. Thirty-six stars are put in a 1-pounder, and 
twenty-two in a half-pounder rocket. 

A great variety of figures may be represented in the air by attach- 
ing to a large rocket several small rockets^ or small cases filled with 
the composition ; or serpents may be attached to the rocket by means 
of packthread. 

• SALTPETRE, PULVERIZED.- 

Sixteen pounds of refined lakepetre are put into a copper vessel, to 
which four quarts of water are added. It is placed over a charcoal 
fire to boil ; as -the water evaporates it is well stirred with copper-shod 
spatulas or paddles, occasionally taking it off the fire, until the evapo- 
ration ceases; and when brought to a fine powder it is sifted through 
a hair sieve, and spread on paper to cool. 

To extract saltpetre from damaged gunpowder. 

Dissolve the powder in warm water, filter the solution through 
fine linen bags, and then evovoTtA* \K% 'va.Ut by boiling it, until 
the Bolutioa is af suflBcient stten^ \« crj%\A\\vift. 
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SERPENTS, OR SQUIBS. 

The case is made by rolling stout cartridge paper in slips of 6 or 8 
inches in breadth three times round a former, and pasting down the 
last fold. The case, having been choked at one end, is tilled about 
two-thirds with the composition, and a small piece of paper is 
inserted, over which powder is placed, and this end is secured with 
twine. At the other extremity, moist powder with touch-paper is 
inserted. To introduce the composition into the case, a funnel and 
wire are used, the wire being pressed down hard upon the com- 
position. 

Composition, 



1. lb. oz. 


2. lb. oz. 


3. 


lb. oz 


Mealed powder . 1 8 
Charcoal . . 4 


..10 
. . 1 


* • 


. 1 
. 12 


Sulphur . . 1 
Saltpetre . • 3 


. . 
. . If 







SHELLS, OR AERIAL GLOBES. 

These globes are made of wood, and their thickness is equal to about 
a twelfth part of their diameters. The usual chaige is an ounce of 
powder for a shell of 4 lb. weight, and 2 ounces for a shell of 8 lb. 
They may be fired from any mortars that have not a chamber. 

To form the shell. 

Two wooden hemispheres (with a fuze hole) are joined firmly to- 
gether, enclosing stars^squibs, rain, &c. A small quantity of powder 
is inserted to explode fle shell, by means of a fuze. 

SHOWERS OF FIRE, OR CASOADES. 

Make a case i an inch in diameter, the thickness of paper being about 
^th of an inch. Stop up one end with clay. Drive it with the com- 
position tirmly with a drift and mallet, a ladleful at a time. These 
cases must be fixed on a frame with leaders, to be fired simultaneously. 

Compositions. 

Chinese fire. Mealed powder, 1 lb. ; saltpetre, 2 oz, ; iron filings, 
very fine, 8 oz. ; charcoal, very fine, 5 oz. 

Ancient fire. Mealed powder, 1 lb. ; charcoal, 2 oz. 

Brilliant fire. Mealed powder, 1 lb. ; iron filings, 4 oz. 

The Chinese fire is the best of the above compositions. 

The charcoal, and iron filings ought to pass through a 60 mesh 
sieve. 

SPUR FIRE. 



1. 
Saltpetre . 
Sulphur • 
Lamp black 



Compositions, 
lb. oz. 
4 8 
2 
1 8. \ 



2. 



lb. 
1 



oz. 
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The saltpetre and sulpbar must be first sifted together, and then 
put into a marble mortar with the lamp black. These ingredients 
must be thoroughly mixed with a wooden pestle. The composition, if 
rubbed too much, will be too fierce, and nardly show any stars ; and 
on the contrary, when not mixed enough, will be too weak, and Uirow 
out an obscure smoke, and lumps of dross without any stars. This 
composition is generally rammed in 1, or 2 ounce cases, about five, or 
six inches long, but not driven very hard. Cases filled with spar fire 
may be used in rooms without any danger of setting fire to the furni- 
ture, &c., and some of them being plac^ round a transparent pyramid 
of paper, and fired in a large room^ make a very pretty appearance. 



SUNS, OR WHEEI^ FIXED, AND HOYEAfiLE. 

None of the pyrotechnic inventions can be applied with so much 
success in artificial fireworks, as suns, or wheels, of which there are 
two kinds, fixed, and revolving. 



FIXED SUNS. 

Construct a circular piece of wood, into the ciroumference of which 
screw 12 or 15 pieces in the form of radii, and to these attach jets of 
fire, the mouth of each of which must be towards the circumference of 
the frame ; and leaders being a^ed to all the jets, they will, when 
ignited, produce the appearance of a radiated sun. The wheel is fixed 
vertically. The jets may be arranged so as # cross each other in an 
angular manner, in which case a star, or cross of Malta will be formed. 
To produce a very brilliant effect, these suns may be made with serenl 
rows of jets. 

EEVOLVINQ SUNS. 

Provide a wooden wheel of the requisite size, and bring it into per- 
fect equilibrium around its centre, in order that the least effort may 
make it turn round. Attach to the circumference of it jets placed in 
the direction of the circumference ; and affix leaders of match to com- 
municate the fire from jet to jet, according as may be required. When 
fire is applied to one of the jets, the recoil will immediately cause the 
wheel to revolve, unless it should be too ponderous or large : therefore 
when these suns are intended to be of a considerable size, that is, when 
they consist of twenty jets, fire must be communicated at the same fimf 
to the Ist, 6th, 11th, and 16th, from which it will proceed to the 2iid, 
7th, 12th, and 17th, and so on. Four jets will thus make the wheel 
revolve rapidly. If two similar suns be placed one behind the other 
and made to turn round in a contrary direction, they will produce a 
very brilliant cross fire. 
For a sun 5 feet in ^ameter, Vive casft* ^wM \» ft oi,^ filled ^j^^f^i 
20 inches in length with com^^QeiUQa.. 
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SUnojire, 

Saltpetre . • • 
Sulphur . . . 
Mealed powder . 



OS* 

4 
2 



oz> 



lUumination fire. 

lb.oz. 
Saltpetre ... 1 
Sulphur ... 8 

Healed powder . 6 



FIREWORKS, 

Compositions, 
Deadjire. 

Sal^etra. • • • 
Sulphur .... 
Lapis Calemanaris • 
Antimony . . , 

Golden cdUmr, 

lb. oz. 
Mealed powder . 1 
Charcoal, very good 2 
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BriUiarUfire, 

lb. oz. 
Mealed powder .60 
Saltpetre. . . S 

Sulirfinr ... 2 

Iron Sand • • 12 

Bed Ckinete pre, 

lb. oz. 



Wiiie Chinese fire. 



Mealed powder • . 
Saltpetre . ^ . . 
Sulphur • • • . 
Iron sand, 2nd & 3rd 



Mealed powder . 
Saltpetre . • . 
Charcoal . . • 
Sulphur . . . 
Iron sand, 2nd) 
and 3id order 5 

Qrey colour^ 



1 
1 



order 



lb. oz. 

1 

1 

8 

14 



Mealed powder 
Saltpetre • 
Sulphur • . 
Charcoal . . 



Vx 
I 






4 
4 

14 



oz. 

4 
2 

H 



Four ounce cases will be required for wheels of 14, or 16 inches ; if 
the wheels are larger, 8 oz., 1 lb., or even 2 lb. cases will be re- 
quired. 

The Chinese compositions are intended for cases of nine-tenths of an 
inch interior diameter, but they will be found to answer for cases as 
low as four ounces. 

TOUCH PAPER. 

Dissolve saltpetre in water; more or less of the saltpetre, according 
as the paper is to burn fast^ or slow : then dip into the solution blue 
paper, which, when well saturated, take out, and dry for use. The 
touch-paper must be cut into slips, placed once round the mouth of the 
firework, and the end of the paper outside the case should be twisted 
to a point. 

WHEELS, PIN, OB CATHERINE. 

The pipe, or case is made on a long wire former, about three- 
sixteenths of an inch in diameter, into which the composition is poured 
through a funnel, and shaken down. The case is then rolled round a 
small circle of wood about one inch in diameter, and not more than 
half an inch thick, with a hole through the centre of it for a nail, or 
pin. One end of the case is to be pasted round the wood, and each 
half turn of it secured with sealing-wax, or a strip of paper pasted 
across the wheel. The end is then primed. 

Composition, 

Mealed powder, 12 oz. ; saltpetre, 3 oz. ; sulphur, 1} oz. 
Two ounces of iron sand, or camphor, ma^ \ife «A.\'?A,\iXiN. NX.'^«sk^ 
better witboat eiUier. 
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OOLOUBED FIRES FOR ILLUMINATIONS. 

To be laid in trains about an inch in breadth, and half an inch in 
depth. When lighted at OQe end, they will bum gradually to the 
other, illuminating the surrounding vicinity. 



m 




Composit%(m8, 




PwrpU. 




CriiMon, 




lb. 
Chlorate of Fotassa 6 
Saltpetre ... .3 
Sulphur .... 3 
Oxide of Copper. 1 
Black Sulphuret \ 
of Mercury . 3 


oz. 
8 



4 

8 


lb. 
Nitrate of StronUa 7 
Sulphur ... 2 
Chlorate of Potassa 
Charcoal (very fine) 


oz. 





3 

H 



Oreen, 

lb. oz. 
Nitrate of Baryta 3 12 
Sulphur . . . loj 
Arsenic ... 8 
Chlorate of Potasai 4 
Charcoal (very fine) 1 1 



jVbte.— Before the chlorate of potassa is mixed, the other ingredients ought 
to be passed three times thron^^ a sieve. After vhich they should be spread 
out, and the chlorate of potassa sifted over them, when the whole will have to 
be passed once through a sieve. 
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PART XV. 

MATHEMATICS. 

Mathematics is the science which treats of all kinds of quantity 
whatever, that can he namhered, or measured. 

Arithmetic is that part which treats of numhering. 

Fractions treat of broken numbers, or parts of numbers. 

Algebra is the art of computing by symbols. 

In this science, quantities of all kinds are represented by the letters 
of the alphabet. 

Geometry is the science relating to measurement. By the assist- 
ance of geometry, engineers, &c., conduct all their works, take the 
distances of places, and the measure of inaccessible objects, &c. 

Characters, marks, or signs, which are used in arithmetic, and 
algebra, to denote seyeral of the operations, and propositions : 

-f signifies plus, or addition, - minus, or subtraction, 

X „ multiplication, -2- division, 

: : : : proportion, = equality, jj square root, 

1/ cube root, 4'^ denotes that 4 is to be squared. 

48 denotes that 4 is to be cubed. 

ARITHMETIC. 

REDUCTION. 

Reduction is the method of converting numbers from one name, or 
denomination to another : or the method of finding the value of a 
quantity in terms of some other higher, or lower quantity. 

To reduce from a higher to a lower denomination. 



Rule, — Multiply the given 
number by as many of the lower 
denomination as make one of the 
greater;* adding to the product 
as many of the lower denomina- 
tion as are expressed in the given 
sum. 

* Vide Tables of Weights, and 
Measures, 



Example, — In £6 ISs. 5d., 
how many pence ? 

£. s. d. 
6 15 5 
20 



135 
12 



\^*i5> Asxsvner. 
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To convert from a lower to a higher denomination. 



Rule, — Divide the given num- 
ber by as many of the lower deno- 
mination as are required to make 
one of the greater.* Should there 
be any remainder, it will be of 
the same denomination as tiie 
dividend. 

♦ Vide Tables of Weights, 
and Measures. 



Example, — Convert 1625 
pence into poimdSy shillings, and 
pence. 

12) 1625 pence 

20) 135 5 

JC6 159. 5dL Answer, 



THE RULE OF THREE, OR SIMPLE PROPORTION, 

It is called the Rule of Three because three numbers are given to 
find a fourth. It is also called Simple Proportion, because the l»t 
term bears the same proportion to the 2nd, as the 3nl does to the 4ih. 
Of the three given numbers, two of them are always of the same 
kind, or name, and are to be the Ist, and 2nd terms of the question ; 
the 3rd number is always of the same name, or kind as the 4th, or 
answer sought ; and in stating the question it is always to be made 
the 3rd term. If the answer will be greater than the 3rd term, place 
the least of the other two given quantities for the 1st term • but if the 
answer will be less than the 3rd term, put the greater of the two 
numbers, or quantities, for the 1st term. 

Eule. — State the question according to the above directions, and 
multiply the 2nd and 3rd terms together, and divide this product by 
tlie 1st, for the 4th term, or answer sought. 

If the 1st and 2nd terms are not of the same denomination thev 
must be reduced to it ; and if the third term is a compound number 
it must be reduced to its lowest denomination before the multiplica- 
tion, or division of the term takes place. ^ 

Note 1 . — The operation may frequently be considerably abridged, 
by dividing the Ist and 2nd, or the Ist and 3rd terms, by any number 
which will exactly divide them, afterwards using the quotients, 
instead of the numbers themselves.* 

Example, — If 2 tons of iron for ordnance cost £40, how manv 
tons may be bought for £360 ? ' 

As £40 : £360 : : 2 tons : 18 tons. 
(Thus 360 X 2)-f40 = 18. The Answer, 
♦ Or thus, 9x2=18. The Answer. 

Note 2,— A concise method of ascertaining the Annual amount of a 
daily sum of money, •' 

^tt^.— Bring the daily sum into pence, and then add tosrether as 
many pounds, half pounds, groaXa, Mid ^xii», ^ VJtv^Ti^ ^^%«swa^ iu 
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the daily sum, for the amount required. For leap year, add the rate 
for one day. 

Example. — Required the annual amount of 2^. 6d, per diem. 
25. 6d,=30d, 30 pounds. 

1 5 = 30 half pounds 
10s. =30 groats. 
2^. 6c7. =30 pence. 

Annual amount (365 days) £45 12^. 6d. 

Note 3. — ^To find the amount of any number of days' pay, tlie 
daily rate (under twenty shillings) being given. 

The price of any article being given, tie value of any number may 
be ascertained in a similar manner. 



Rvie 1. When the rate (or 
price) is an even number, multiply 
the given number by half of the 
rate, doubling the first figure to 
the right hand for the shillings, 
the remainder of the product will 
be pounds. 

Rule 2. When the price is 
an odd number, find for the 
greatest number as before, to 
which add one-twentieth of the 
given number for the odd shil- 
ling. 



Example, Required the amount 
of 243 days' pay, at 45. per diem. 
^=2 243 

2 



£48 129. Ana. 
Example, What is the price of 
566 pairs of shoes, at 7s. per pair. 
566 2/0)56/6 
3 ' 



169 16s. 
28 6 



28 6 



£198 2s. Ans, 



FRACTIONS. 

A fraction is a quantity which expresses a part, or parts of a unit, 
or integer. It is denoted by two numbers placed with a line between 
them. 

A Simple fraction consists of two numbers, called the numerator, 
and denominator ; thus, 3 numerator, 

5 denominator. 

The Denominator is placed below the numerator, and expresses the 
number of equal parts into which the integer is divided. 

The Numerator expresses the number of parts of the broken unit, 
or integer ; or shows how many of the parts of the unit are expressed 
by the fraction. ^ 

A Compound fraction is a fraction of a fraction, as § of |. 

A Mixed number consists of a whole number with a fraction 
annexed to it, as 4J. 

An Improper fraction has the numeraloT ^T«8\.«t ^vs^ '^'fc^ ^«^s\- 
minator, as §, 
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REDUCTION OF FRACTIONS 
is bringing them from one denomination to another. 

To reduce a fraction to its lowest terms. 
Rule. — Divide the numerator, and the denominator, by any niunber 
that exactly divides them, and the quotients by any other nnmber, 
till they can be no longer divided by any whole number, when the 
fraction will be in its lowest terms. 

Example, — Reduce Jgj| to its lowest terms. 

Thus, ^=#=^=]i=j. ^nwwr. 
To reduce an improper fraction to a wholes or mixed number. 



JSule. — Divide the numerator by 
the denominator, the quotient will 
be the whole number; and the 
remainder (if any) the numerator 
of the fraction, having the divisor 
for the denominator. 



Example. — Reduce \ff to 
whole, or mixed number. 

12)114 

9^/^ Ansioer, 



To reduce a mixed number to an improper fraction. 



Rule. — Multiply the whole 
number by the denominator, and 
add the numerator to the product, 
under which place the given deno- 
minator. 



Example. — Reduce 17| to an 
improper fraction. 

171 
8 

141 



8 Answer. 

To reduce a compound fraction to a simple fraction, 
RtUe. — Multiply all the numerators together for the numerator and 
all the denominators for the denominator. 

Example. — Reduce J of ^ of ^ of 9 to a simple fraction. 
Numerators 3x1x1x9 27 9 

= — =— Answer. 

Denominators 8x6x2x1 96 32 

lb reduce fractions of different denominators to equivalent 
i fractions, having a common denominator. 

Rule. — Multiply each numerator by all the denominators except its 
own for the new numerators, and multiply all the denominators 
together for a common denominator.* 

Example. — Reduce j, ), and | to fractions having a common deno- 
minator. ^^^^^^ 

* In reducing fractions to a common denominator, and in multiplicatian of 
fractioDB, the work may be considerably diminished by cancelling any tUnuML 
which ore in all the multiples; orby d\v\Ai&««^tk«!ss«>aEi«Mliot them ^ anr 
Hgure which can divide all without any T«mB\nAftT. ' ' 
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3x3x5= 45 
2X8X5= 80 
4X8X3= 96 
8X3X5=120 Answer, ^, ^, and ^. 

ADDITION OF FKACTIONS. 

Utile, — ^Bring compound fractioiis to simple fractions ; reduce all the 
fractions to a common denominator, then add all the numerators 
together, and place their sum orer the common denominator. When 
mixed numbers are given, find the sum of the fractions, to which add 
the whole numbers. 

Example, — ^Add together J, f, and 6 J. 

3X6X2 = 36 «+?t+!i+6 = 8A- 

1 X 6 X 4 = 24 or, by cancelling, and dividing,* 

6X4X2 = 48 18+A+ft+6 = 8A. Answer. 

SUBTRACTION OF FRACTIONS. 

Bule. — Prepare the quantities, as in addition of fractions. Place 
the less quantity under the gieater. Then, if possible, subtract the 
lower numerator from the upper ; under the remainder write the com- 
mon denominator, and, if there be whole numbers, find their difference 
as in simple subtraction. But if the lower numerator exceed the 
upper, subtract it from the common denominator, and to the remainder 
add the upper numerator ; write the common denominator under this 
sum, and carry 1 to the whole number in the lower line. 

Exatnple.-^¥rom 54f or 54$ 
Take 25^3 or 25^ 

29^ or 29^: Antwer, 

MULTIPLICATION OF FRACTIONS. 

Eule. — ^Reduce mixed numbers to equivalent fractions; then 
multiply all the numerators together for a numerator, and all the 
denominators together for a denominator, which will give the product 
required. 

Example, — Multiply |, |, and 2^ together. 
§ X I X C2 J or) j = Jl Answer, 

DIVISION OP FRACTIONS. 

EtUe. — Prepare the fractions, as for multiplication ; then divide the 
numerator by the numerator, and the denominator by the denominator, 
if they will exactly divide ; but if they will not do aa^^'ea.'vK^^N.'^'^ 

* See Note, pagie Yl4. 
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i^ terms of the divisor, and multiply the diTidend bj it, as in mu 

vation. 

Example. — Divide •^ by 41. 
jlj ft + (H or) I = J Answer. 



* 




RULE OF THBEE IN FRACTIONS. 

Rule. — State the terms, as directed in " Simple proportion ;" i 
them (if necessary) to improper, or simple fractions, and the ius 
to the same denomination. Then multiply together the secon 
third terms, and the first with its parts inveiied, as in division, 1 
answer. 

Example, — If 4| cwt. of sugar cost £19{, how much may be b 
for £59J ? 

As 19; : 59} : : 4f 

Or, ^ : 4}i : : y : 12J Answer, 

TbXipxV = ^=12|cwt. 

DECIMALS. 

A decimal fraction is that which has for its denominator an nn 
with as many ciphers annexed as the numerator has places ; an< 
usually expressed by setting down the numerator only, with a 
before it, on the left hand. Thus, -jjj is * 5 ; •f^xa * 25 ; -^^ is ' 
ciphers being prefixed, to make up as many places as are require 
the ciphers in the denominator. 

A mixed number is made up of a whole number with some de 
fraction, the one being separated from the other by a point, thus 
is the same as 3-^ or ^. 

Ciphers on the righthand of decimals make no alteration in 
value ; for • 5, * 50, * 500 are decimals having all the same value 
being = -f^. But when they are placed on the left hand, they dei 
the value in a tenfold proportion ; thus, *5 is -jjy; but 'Od is -jj.. 

ADDITION OF DECIMALS. 

Bule. — Set the numbers under each other, according to the val 
their places, in which state the decimal separating points will all 
exactly under each other. Then beginning at the right hand, ad 
all the columns of numbers as in integers, and point off as many j 
for decimals as are in the greatest number of decimal places in ai 
the lines that are added ; or place the point directly below all the 
points. 

Exatnple.—^eqxuTed the sum of 29-0146, 3146'5, 14* 16, and 

29-0146 
3146-5 
14-16 
165« 



Ansuw^^bV^l^:^ 
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SUBTRACTION OF DECIMALS. 

Side. — Place tiie numbers under each other according to the value 
of their places. Then, beginning at the right hand, subtract as in whole 
numbers, and point off the decimals, as in addition, 
i^somp^.— Subtract 4-90142 from 214*81. 

214'81 
4*90142 



^nstoer 209*90858 

MULTIPLICATION OF DECIMALB. 

Itule. — Place the factors, and multiply them together, the same as if 
thej were whole numbers. Then point off in the product just as many 
places of decimals as there are decimals in both the factors. But, if 
there be not so many figures in the product, prefix ciphers to supply 
the deficiency.* 

-E'awffipfe.— Multiply 32*108 by 2*5. 

32*108 
2*6 



160540 
64216 



80-2700 iljwuw. 

DIVISION OF DECIMALS. 

MuU, — Divide as in whole numbers, and point off in the quotient 
as many places for decimals as the decimal places in the dividend ex- 
ceed those in the divisor. When the decimal places of the quotient 
are not so many as the above rule requires, the deficiency is to be 
supplied by prefixing ciphers. When there is a remainder after the 
division, or when the decimal places in the divisor are more than those 
in the dividend, then ciphers may be annexed t6 the dividend, and the 
quotient carried on as far as required. 

-E'ajompfe.— Divide 234*7052 by 64*25. 

64 -25) 234* 7062(3* 65 Answer. 
19275 



41955 
38550 

34052 
32125 



1927 Remainder, 



* To muUipLy dedmdU ly 1, with any number qf dpken, at 10, 100, &Cw— 
This is done by only removing the decimal point so many plBice& ^w^Cmsc nk^ "^ 
right hand, as there are dp^n in Uw mxi\\i\^iet, vsA voSd^fJoJ^^ <&^$b»cw^ 
need be. 
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SEDUCTION OF DECIMALS. 

To reduce a vulgar fractum to Us equwalent decimal. 

Rule, — Divide the numerator by the denominator, as in DirisSon of 
Decimals, annexing ciphers to the numerator as &r as neoessaiy : and 
the quotient will be the decimal required. 

Example, — Reduce ^^ to a decimal. 

24 = 4 X 6. Then 4)7* 

6)1*75 



-291666, &c.. Answer, 

To find the value of a decimal^ in terms of the inferior 

denominations. 

Rule, — Multiply the decimal by the number of parts in the nest 
lower denomination, and cut off as many places to the right hand 
for a remainder, as there aie places, in the given decimal. Mnltiply 
that remainder by the parts in the next lower denomination, again 
cutting off for another remainder as before. Proceed in the same 
manner through all the parts of the int^er ; then the several denomi- 
nations, separated on the left hand, will make up the answer. 

Example, — What is the value of '775 pounds sterlmg? 

•775 
20 



Shillings 15*500 
12 



Pence • 6*000 Answer 15s. 6cr. 

To convert integers^ or decimals to equivalent dedmaU of 

higher denominations. 

Rule, — Divide by the number of parts in the next higher denominft- 
tion, continuing the operation to as many higher denominations as may 
be necessary. 

When there are several numbers, all to be converted to the decimal 
of the highest — 

Set the given numbers directly under each other for divideoda, pro- 
ceeding from the lowest to the highest ; opposite to each dividend oo 
the left hand, place such a number for a divisor as will bring it to'the 
next higher name. Begin at the uppermost, and porform all the 
divisions, placing the quotient of each division, as decimal parta, oo tht 
right hand of the dividend next below it \ so shall the last qootieiit bt 
the decimal i*equired. 
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ExampU. — Convert 15s. 9 jil. to the decimal of a pound aterling. 

4 3' 
12 9-75 
20 15-8125 

£ '790625 Answer, 

Example, — <:!onyert 1 dwt. to the decimal of a pound, Troy weight. 

20)1 



12) -05 oz. 



'004166 lb., &c., Answer, 

RULE OF THREE IN DECIMALS. 

Sule. — Prepare the terms, bj reducing the fractions to decimals ; 
compound numbers to decimals of the higher denominations, or in> 
tegers of the lower; also the first, and second terms to the same 
name. Then multiply, and divide, as in the Rule of Three, in whole 
numbers. 

» • 

Example, — If | of a yard of cloth cost £}, what will f^.of a yard 

cost? . * 

yd. yd. £. t.d. 

i ='375 As -375 : -3125 i : 4 : '333 &c. or 6 8 

4 



f ='4 -375) -12500 ('3333 &c 

1125 20 



^='3215 1250s. 6-666 ^c. 

U25 12 . 



• » 



Answer, 6s«8<f. 125d. 7'999 &c nearly Sd, 

DUOI^XHMALS. 

By Duodecimals, artificers, &c., compute the content of their works. 

jRule. — Set down the two dimensions to be multiplied together one 
under the other, so that feet may stand under feet, inches under 
inches, &c. 

Multiply each term in the multiplicand, beginning at the lowest, by 
the feet in the multiplier, and set the result of each straight under its 
corresponding term, observing to carry 1 for every 12, from tlie inches 
to the feet. In like manner multiply all the multiplicand by the 
inches, and parts of the multiplier,, and set the result of each term 
one place removed to the right hand of those in the multiplicand : 
omitting, however, what is below parts. of inches, only carrying to 
these the proper number of units from the lowest denominations. Or, 
instead of multiplying by the inches, take such part of the multi^^^lU 
cand as those are of a foot. 

Then add the two lines together fox t\ie coTi\A\iN.x«]^\T^. 
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Example, — ^Multiply 14 feet 9 inches, hy 4 feet 6 inches. 

ft in. 

14 9 

4 6 

59 
7 H 

66 4} Answer, 
TABLES OF WEIGHTS, AND MEASURES. 

TROY WEIGHT, 

24 grains . 1 pennyweight. 
480 •• 20 ....•• 1 ounce. 
5760 . . 240 12 .... 1 pound. 

AVOIRDUPOIS WEIGHT, 
16 drams 1 ounce. 
256 • • 16 . • 1 pound. 
7168 • 448 . « 28 . • 1 quarter. 
28672 , 1792 • 112 .. 4 ... 1 hundred wdght 
573440 , 35840 . 2240 , . 80 , . • 20 • • . 1 too. 
NoU.^1^ pounds = 1 stone; 2 stones =s 1 quarter. 

1 lb. Avolrdapois weight = H oz. 11 dwts. IM em. Traj. 
1 OS. ditto .,,, = ,. 18 dwts. 6} do. 
Idr. ditto ,,,. = .. 27*34375 do. 

APOTHECARIES* WEIGHT. 

20 grains • 1 scruple. 
60* • • S , • tl dram. 
480 ••,24,«,8*..l ounce. 
5760 • • 288 ,,.96. .•12«» « 1 piound. 

WBIGHTS. 

To find the weight, for tonnage, 
CaUle^ 

Divide the number by 3, for weight in tons. 

Sheep , , . Average 60 lb. each. 

Divide by 33, for weight in tons. 

Pigs • • • Average 80 lb. 

Divide by 15, for tons. 
Beer, or Ale~^ 

Barrel • 3^ cwt. 

Hogshead •••••• 5} cwt. 

Oats , • • Sack 24 stooe. 

Divide quarters by 5, for tons. 
Bvun — 

Divide gjsUona Vf 1*1^^ for tons, 

Wme . . . Cask ^'^ ««V 
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Bule for cucertaming the weight of Hay. 

Measure the length and breadth of the stack ; then take its height 
from the ground to the eayes, i|nd ^add to this last one-third of 
the height from the eaves to the top: Multiply the length by the 
breadth, and the product by the height, all expressed in feet ; divide 
the amount by 27, to find the cubic yards, which multiply by the 
number of stones supposed to be in a cubic yard (viz., in a stack of 
new hay, six stones; if the stack has stood a considerable time, eight 
stones; and if old hay, nine stones), and you have the weight in 
stones. For example, suppose a stack to be 60 feet in length, 30 in 
breadth, 12 in heignt from the ground to the eaves, and 9 (the third of 
which is three) from the eaves to the top ; then 60 X 30 X 15 = 27000 : 
27000-^27 = 1000 ; and 1000 X 9 = 9000 stones of old hay. 

VOSa ICEASOBE. ' ' 

12 inches 1 foot. 
36 . . . 3 . . • 1 yard. ■ 
198 • . . 16}. • • -5^ • • 1 pole, perch, or rod. 
7920 . . 660 . . 220 • • 40 • . 1 fiirlong. 
68360 • • 5280 • . 1760 • 320 • • 8 • • 1 mile. 

LAND MEASURE (Length), 

7*92 inches •' • • 1 link. 

100 links, or 22 yards • . • • 1 chain. 

80 chains • • 1 mile. 

69*121 miles 1 geographical degree. 

LAND MEASURE {Surface^ orSv^perficial). 



62*7264 square inches 

625 square links • 

10000 square links.. 

2500 square links • 

10 square chains 

100000 square links . 



1 square link.- 

1 squape pole^ or perch. 

1 square chain. 

1 square rood, or pole. 

1 square acre. 

1 square acre. 



llAUTICAL MEASURE. ' • ' 

• \ 1 

1 nautical mile t •••••• . 6082*66 feet.. 

3 miles ••«••••••. .1 league. 

20 leagues •«••.••••. 1 degree. 

360 d^rees ••»••••••. the earth's drcumferenoe. 

■ • ■ • 

SQUARE MEASURE. 

144 s. inches 1 s. foot. 
1296 . • •- • 9 • . Is. yard. 
39204 • • . 272^ . . 30^ . . . 1 s. pok« 
1568160 . • 10890 • 1210 • « 4^ • « \ t^m^. 
6272640 . . 43560 , 4840 • • l^Q • % ^ * • '^ ^*5c*' 
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CiTBic MEASURE {Mecuure of aoUdtty)^ 

1728 cabic inches . • 1 cabic foot. 
27 cabic feet ... 1 cubic yard. 

NoU.r-'A. cubic foot is equal to 2200 qrUndrical incbes, or 8300 i|rt^1r^f^^^ 
inches, or 6600 conical inches. ^^ 

Timber, 

40 feet of round, and 50 feet of hewn timber make 1 2bn ; 16 enhk 
feet make 1 Foot of wood : 8 feet of wood make 1 CcrdU 

Water, 
Kazimnm density 42 deg. Fahrenheit. 

1 cubic foot of water •..• &J- imperial gallons. 

1 cylindric foot do about 5 do. 

1 cubic foot • weighs 62*5 lb. avoirdupois. 

1 cylindric do do. 49*1 

1 lineal do. (1 inch square) • • . • « do. *434 

12*2 imperial gallons . • weigh 1 cwt. 

224 do. do. 1 ton. 

1*8 cubic feet •«. do. 1 cwt. 

35*84 do do. 1 ton. 



}l cubic in. • 
rj .... 



69 
277i .... 8 
554^ ... 16 
2218| .... 64 

10^ cubic a. 512 



MEASUBE8 OF CAPACITT. 
2 pints 1 quart. 



4 . • • 1 gallon. 
• o*.»^.ai pecK. 

32 . • . 8 « . 4 . . 1 buishel. 
256 •. 64« 32.«8««1 qaarter. 



FRENCH MEASURES. 



• * • 



Millilitre 
Centilitre 

Decilitre . • • • 
Litre, or cubic deci- 
metre .... 
Decalitre . • . • 
Hectolitre .... 
Kylolitre • • • • 
Myrialitre. . . .610279*00000 
1 litre is nearly 2 ) wme pints. 
1 kilolitre 1 tun 12} wine gallons. 
1 stere, or cubic metre • 35*^171 



English 
cubic inches. 
•06103 
•61028 
6-10279 

61-02791 

610*27900 

6102*79000 

61027*90000 



feet. 

Metre 3*281 

French feet, 3*07844 

•03937 

•39371 

3-93708 

39*37079 

393*70790 

3937-07900 

39370-79000 

.393707-90000 



»» 
Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre . 

Myriametre 



• • 



I 



8 Idlometres are nearly 5 miles. 
1 inch is '0254 me(re. 
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INVOLUTION. 

Involtdion is the raising of powers from any given number, as a 
root. 

A Power is a qaaotitjr produced by multiplying any given number, 
called the Moot, a certain number of times continually by itself. 

Thus, 2 X2ss4, the 2nd power, or square of 2, expressed thus, 2*. 

The index, or exponent of a power is tiie number denoting the 
height, or d^ee of that power. 

Thus, 2 is the index of the 2nd power. 

Powers that are to be raised, are usually denoted by placing the index 
above the root, or first power. 

Thus, 2* =4, the 2nd power of 2. 

Example, — What is the 2nd power of 4-5 ? 

45X45 = 2025 Answer, 

EVOLUTION. 

Evolution is the reverse of Involution, being the extracting, or find- 
ing the roots of any given powers, or numbers. 

The Boot of any number, or power, is such a number as being 
multiplied into itself a certain number of times, will produce that 
power. 

Thus, 2 is the square root, or 2nd root of 4, because, 2* = 2 X 2 = 4 ; 
and 3 is the cube root, or third root of 27. But there are many 
numbers of which a proposed root can never be exactly found ; by 
means of decimals, however, the root may be very nearly ascertained. 

Any power of a given number, or root, may be found exactly by 
multiplying the number continually into its^f. 

Those roots which only approximate are called Surd roots; but 
those which can be found, quite exactly, are called Rational roots. 
Thus, the square root of 3 is a surd root, but the square root of 4 is a 
rational root, being equal to 2 ; also the cube root of 8 is rational, 
being equal to 2, but the cube root of 9 is surd, or irrational. Hoots 
are sometimes denoted by writing the character /^ before the power 
with the index of the root gainst it. Thus, the 3rd, or cube root of 

20 is expressed by f^ 20. When the power is expressed by several 
numbers with the sign + or — between them, a line is drawn from 
the top of the sign orer all the ^arts of it ; thus the cube (or third) 

root of 45-12 is a§^ 45-12 or thus ^ (45-12). 

TO EXTRACT THE SQUARE ROOT. 

JRule, — Divide the given number into periods of two figures each, 
by setting a point over the place of units, and another ovei* the place 
of hundreds, and so on over every second figure, both to the left hand 
in integers, and right hand in decimals. Find tha ^c«»XftS»\. vsjisss^^si. 
the firet period on the left hand, and set \\& too\. wi>iJaafv'5^\.>o»ss5i.«^ 
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the given number, after the manner of the quotient figure in division. 
Subtract the square thus found from the s^d period, and to the 
remainder annex the two figures of the next following period for a 
dividend. Double * the root above mentioned for a divisor, and find 
how often it is contained in the said dividend, ezclosiye of its right- 
hand figure ; and set that quotient figure botii in the quotient, and 
divisor. Multiply the whole augmented divisor by this last quotient 
figure, and subtract the product fit>m the said dividend, bringing down 
to it the next period of the given number, for a new dividends 
Repeat the same process over aeain — viz., find another new divismr, by 
doubling all the figures now round in the root ; from which, and the 
last dividend find the next figure of the root as before ; and so oo 
through all the periods to the last. 

To extract the square root of a fraction, or mixed nttmber. 

Reduce the fraction to a decimal, and extract its root. 

Mixed numbers may be either reduced to improper fractions, and the 
root extracted; or the fraction may be reduced to a decioud, then 
joined to the integer, and the root of the whole extracted. 

Example—To find the square root of 29506624. 



t 

* 

( 

A 

104 \ 
4 4 


29506624 (5432 The Root. 
25 


150 

tie 


1083 
3 


3466 
3249 


10862 
2 

TO ] 


21724 
21724 

EXTRACT THE CUBE R0( 



Ride 1.— By trials, or by the table of roots (tncfe page 286), take 
the nearest rational cube to the given number, whether it be greater, 
or less, and call it the assumed cube. 

2.— Then (6y the Rule of Three), 

As the sum of the given number, and double the assumed cube, 'u 
to the sum of the assumed cube, and double the given number so is 
the root of the assumed cube, to Uie root required, nearly. ' 

thl i2f flS^ T^y **' doubling the root, to form the new divisor, is by addtaig 
AfKi^i?*''*y'J^.**'« Uuit divisor, as appears in the following wSi^ 
After the fiKutea beYotudxut \o «Qft ^^«^ Twiniber are all exK*^Tli^^ 

ciid>en,twobieai6hp«tVod. -»««« ^ votoda oi 
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3. — Or as the first sum, 

is to the difference of the given, and assumed cube, 

so is the assumed root, 

to the difference of the roots, nearly. 

4. — Again, by using, in like manner, the cube of the root last found 
as a new assumed cube, another root will be obtained still nearer. 
Repeat this operation as often as necessary, using always the cube of 
the last-found root, for the assumed root. 

Example.—'To find the cube root of 21035*8. 

By trials it will be found first, that the root lies between 20, and 
30 ; and, secondly, between 27, and 28. Taking, therefore, 27, its 
cube is 19683, which will be the assumed cube. Then by No. 2 of 
the Rule, 

19683 21035-8 
2 2 



39366 42071-6 
21035-8 19683- 



As 60401-8 : 61754-6 : : 27 : 27*6047 the Root, nearly. 

Again for a second operation, the cube of this root is 
21035*318645155832, and the process by No. 3 of the Rule will be 

21035-318645, &c. 
2 



42070-637290 21035-8 

21035-8 21035-318645, &c. 



As 63106*43729 i diff.»481355 : : 27-6047 : 

: thediff. -000210560 



consequently the root required is 27*604910560 
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TABLE OF SQUARES, CUBES, AND HOOTS, 
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PILING OF SHOT, AND SHELL. 

Shot, and shells, are usoallj piled in horizontal courses, the base 
being either an equilateral triangle, a square, or a rectangle. The 
triangular, and square piles terminate each in a single ball, but the 
rectangular pile finishes in a row of balls. 

To find the number of bails in a complete pile. 

Rule, — ^Add the three parallel edges together ; then the product of 
one-third of that sum, and of the number of balls in the triangular 
face, will be the number sought. 

Note 1. — JTie parallel edges in a rectangular pile are the two rows 
in length at the base, and Uie upper ridge. In the square pile the 
same, except that the upper row is only a single ball. In the 
triangular pile, one side of the base, the single ball at top, and that at 
the back, are considered the parallel edges. 

Note 2. — The number of bails in the triangular face is found by 
multiplying half the number in the breadth at the base, by the 
number in the breadth at the hta&plus 1. 

Note 3. — In all piles, the breadth of the bottom is equal to the 
number of courses. In the oblong pile, the top row is one more than 
the difference between the length, and breadth of the bottom. 

Example. — To find the shot in a triangular pile, the bottom row 
consisting of 12 shot. 



12+?= 6 
12 + 1 = 13 





— Triangular face 




Answer 364 
Example, — To find the shot in a square pile, the bottom row con- 



sisting of 12 shot. 




12 

12 

1 

3)25 



12-f2= 6 
12 + 1 = 13 

78 

624 
*1& 



Ansuoer. ^^^ 
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Example, — To find the shot in an oblong pile, whose base irm^ 
of 18 shot in length, and 12 in breadth. 



18-12=6 
1 




18 
18 

7 

3)43 
"l4i 



l2-f.2= 6 
12+1 = 13 




Answer 1118 



The Number of balls in a Pile may be found by using the followii^ 
formulae, in which let the letter (L) denote the 'number in the bottom 
row, or the Length ; and (B) the Breadth of the lowest coarse. 

TnanguiarpOe ^X(L+l)x(L+2) 

6 



Square pile 
Oblong pile 



Lx(L-H)X(2L-f.l) 

6 

Bx(B-H)X(3L-H- B> 
6 



By referring to the following Table, the Number of Shot in anr 
Pile (whose base does not exceed 21) may readily be ascertained 

Square pile. — Look for the number of shot in the base, in the first 
vertical column on the left hand, and also in the diagonal column * and 
at their angle of meeting will be found the content required, ' 

Thus, 20 base gives 2870. 

Triangular pile, —Look for the number in the base row in the 
diagonal column, and opposite to it will be found the content 

Thus, 18 base gives 1140. 

Oblong pHe. — Look for the number in the length of the base in the 
vertical column, and the breadth of the base in the diagonal colamo 
and at their angle of meeting will be found the content required. 

Thus, 17 length, and 12 breadth, gives 1040. 

To find the number of balls in an Incomplete pile, — Compute the 
number in the pile considered as complete ; also the number in the 
upper pile, or part wanting ; and the diflerence between the two piles 
thus found will be the number in the frustrum, or incomplete pile. 
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CORDAGE. 

Sopes, cables, and all other descriptions of cordage are distiiigaished 
by their circumference ; thus a two-inch rope means a rope two inches 
in circumference. 

1. lb find the weight of a rope. 

First method. — Multiply the length in fathoms bj the square of 
the circumference, and divide the product by 480 for the weidit in 
cwts. 

Example, — Required the weight of 110 fathoms of 3-incli rope. 

3x3x110 = 990, which divided by 480, gives 2 cwt. 7 lb. 
Weight required. 

Second method. — Divide the square of the circamference by 4, the 
quotient will give the weight, in pounds, per fathom. 

Example. — What is the weight of a 3-inch rope per fathom ? 
33^=2^ lb. Weight required. 

2. To find the strength of a rope, or the weight it will st^pport. 

First method. — Square the circumference, and divide by 5, for the 
number of tons which it will bear suspended from it.* 

Example, — What weight will 3-inch rope of the best descriptioa 
support ? 
3x3 

5 = I = 1 J ton, or 4030 lb. Weight required. 

Second method. — ^Multiply the square of the circomferenoe by 2, 
the product will give the practical weight in cwts. that may be lifted 
by it, or about half the breaking weight 

Example. — What number of cwts. may be lifted by a 3-ixich rope ? 

3* X 2 = 18 cwts. Weight required. 

The strain, in pounds, a rope will bear safely = girt^ x 200\ 

a cable „ „ = girt? X 120/ '*«*^- 

CHAINS. 

1. To find the weight of chains. 

The square of the diameter of the link, measured in eighths of 
inches, will give the weight of the chain, per fathom, in pounds. 

Example. — ^What is the weight per fathom of a J-inch chain ? 

J-inch = j ; 6« = 36 lb. Weight per fathom. 

Or, the weight per foot of the diain, multiplied by 24, will give 
the weight per fathom of the chain, nearly. A chain cable with a 
stay across the links will weigh about one-twelfth more than the 
forgoing examples. 

* 7%it rtde it only uppltcdble to tKe very l>est tMxLt neto oordoffe. The cSr» 
cum/erenee squared should be ditnded by « v-n&tcoA o| ^ Jor ^Va dmeK-^eion tf 
rope generallg employtd. 
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2. Ih find the voeight that may he safely lifted by a chain. 

Divide the square of the diameter of the links, taken in eighths of 
an indb by 8, and the quotient will give the number of tons that 
maj be lifted by the chain. 

Example. — What number of tons will a chain made of {-inch iron 
carry with safety ? 

36 
i-inch=f 6«=36 — =4itons. Weight required. 

o 

The safe strain is equal to about 8 tons, per square inch, of the 
iron of which the chain is made. 

The stay across the link of a chain increases its strength about 
one^sixth. 

When the chain is of great length, a deduction, from the above 
rules, must be allowed for the weight of it. 

IRON RODS. 

1. To find the weight of round wvn rods. 

Divide the square of the diameter, in quarter inches, by 2, and the 
quotient will give the weight in pounds, per yard. 

Example, — What is the weight of a yard of 1-inch round iron ? 

16 
1 inch = 4 quarters 4^= 16^ — = 8 lb. Weight requii-ed. 

2. To find the weight of sqvuzre rods. 

The weight of round rods, of similar diameter, divided by •7854 
will give the weight of the square rods. 

3. To find the weight that may he sustained, or lifted by round iron, 
rods. 

Find the weight in pounds, per yard ; two-thirds of which will give 
the safe load, in tons. 

A round iron rod of average quality of iron, one inch in diameter^ 
will be torn asunder by 16 tons; it will be perceptibly damaged by 
half this strain, or 8 tons; its safe load will be one-^Uikd, or 5*33 
tons. 

4. To reduce cubic feet of wrought iron into ions. 
The cubic feet multiplied by 1*5, divided by 7= Tons. 

One foot of 1 indi square wrought iron weighs 3*33 lb. 
„ „ round „ ,,2*61 lb. 

GiBDERS, weight of. 

Wrought iron, weighing 480 pounds per cubic foot. 

The sectional area, in inches, multiplied by the length in feet 
divided by 672 = weight in tons. 

The sectional area in inches multiplied by 10 = w«.\^^>^l\:iM>>s&k. 
pounds, per yard. 

Ibr cast iron, deduct one twentiefh. 
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TIMBER. 

1, 7b find the area, or superficial content of a plank. 
Multiply the length by the mean breadth,* 

Example, — Required the content of a board whose length is 11 feet 
2 inches, and breadth 1 foot 10 inches, 
ft in. ft. in. ft in. 
11 2 X 1 10 = 20 5. Content required. 

2. To find the solui content of squared, or four-sided timber. 
Multiply the mean breadth by the mean thickness, and the prodoct 

by the length, for the content, nearly. 

Note 1. — If the tree taper regularly from the one end to the other, 
either take the mean breadth, and thickness in the middle, or take the 
dimensions at the two ends, and half their sum will be the mean 
dimensions; which, multiplied as by the above rule, will give tbt 
content, nearly. 

Note 2. — If the piece do not taper regularly, take several different 
dimensions, add them all together, and divide their sum by the number 
of them, for the mean dimensions, 

Example. — Required the content of a piece of timber 16 feet looc, 
and side of square 14 inches. 

ft. in. ft. in. ft ft in. 

1 2X1 2 X 16 = 21 9. Content required. 

3, To find the solidity of round, or unsquared timber, 

1. Multiply the square of the quarter girt (or the square of | of the 
mean circumference), by the length, for the content. 

Note. — When the tree is tapering, take the mean dimensions, either 
by girting it in the middle for the mean girt» or at the two endx, 
taking half the sum of the two ; or by girting it in several places then 
adding all the girts together, and dividing the sum by the number of 
them for the mean girt. But when the tree is very irregular divide 
it into several lengths, and find the content of each part separately. 

Example. — Required the content of a tree, whose mean girt is 
3*15 feet, and length 14| feet, 

liii = -7875 -7875 X '7875 = '62015625 14J = 14.5. 

•62015 X 14«5 = 8*9922 feet of solid timber. The oontant 
required, 

2. Find the mean area of a round tree, and multiply it by the 
length for the content. 

4. To find the weight of a tree. 

Find its content in feet, and multiply that by the specific gravity of 
the wood. 
( Vide Gravity, and Table of Specific Gravities. Pp, 306, 307.) 

"* When the board \a iaperVn^, adA \h«\n«QAV^% «x. ^3Qft V:?r<^ «Qds together and 
take half the sum for vhe mean bteadiVlki. Or elte, \aiu^ >Qd& \]»mi\r«iAsq^ vL ^ 
middle. 
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Example. — Required the weight of an elm-tree, whose mean girt is 
5 feel^ and length 60 feet. 

J = 1*25 1'25 X 1*25 = 1-5625. 

1-5625 X 60 = 93-75. Content in feet. 

TONNAGE. 

Table of Tonnage, and Weight of One of the following Carriages, Carts, 
Waggons, Gyns, &c., used in Land service. 



'\ 



4> 
« 

a 

8 

to 
.3 

g 



For Iron 
Ordnance. 



^24 poonder 
8 inch • . 
1 18 poonder 
12 „ 

Howitzer 



21 cwt. 



{ 



For Brass 
Ordnance. 



12 pounder 
9 „ 
6 „ 

Howitzer 



10 inch 
8 .. 



32 pr. 



f 32 pi 
<24. „ 
112 „ 



Ammunition waggon . . . • . 

Foi^ «...• 

Store wa^^n (without spare wheel) 
Small arm ammunition waggon • • 
Rocket |12pounder ...... 

^Pontoon {13 y y \ • ; • 

Garrison, wood, common standing, for ) 

32 pounder of 26 cwt 3 

CapstEm, cnu) • 

^ Forge, cavalry 

IHand 

1 Hospital, conveyance . . • . 

iSling 

I Store 

.French • • . . . 



Tonnage 



tons, ft 



Carts. 



Drugs ... {a 
3yn.,Tritogle{|3 

(Madras 



[For 32 pounder gar-) 
rison carriage ... 3 

PUttonn < {^"^"S^^^^} 

f Mortar, Alderson's pattern .... 
Portable forge, and pack saddle, in wooden case^ 

(Flanders 

Waggons < Platform 

ISling 

(Vaggons,ho6pital, Mr. Holmes' (Large . . 
pattern (.Small . . 



6 
6 

4 
4 







39 

7 



Weight. 



cwt.qrs.lb. 

34 22 

34 2 12 

27 2 9 

18 3 24 



/Withbul- 
llock pole 
< and chain, 
j weighing 
l2qr.l91b. 

Do. do. do. 



For all 
nature^ 
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The calculation of tonnage for baggage, stores, &c., is by 

ment: a Ton, consisting of 40 cubic feet; but metals, and vcr/ 
hearj articles are estimated hj actual weight, withoat nefeience to 
bulk. 

To ascertain the tonnage of sailing Vessels, the hold being clear. 

Rule. — Divide the length of the upper deck, between the afterpart 
of the stem, and the forepart of the stempost, into six equal parts. 

Depths, — ^At the foremost, the middle, and the aftermost of those 
points of division, measure in feet, and decimal parts of a foot, the 
depth irom the under side of the upper deck to the ceiling at the 
limber strake. In the case of a break in the npper deck, the deptb 
are to be measured from a line stretched in a continuation of the 
deck. 

Breadths, — Divide each of those three depths into five equal parts, 
and measure the inside breadths at the following points— 'Viz., at <xte- 
fifth, and at four-fifths from the upper deck of the foremost, and dSott' 
most depths, and at two-fifths, and four-fifths from the upper deck of 
the midship depth. 

Length* — At half the midship depth measure the l^igth of the 
vessel from the afterpart of the stem to the forepart of the stempost ; 
then to twice the midship depth add the foremost, and the aftermost 
depths for the sum of the depUis ; add together the upper, and lower 
breadths at the foremost division, three times the upper bnadth, and 
the lower breadth at the midship division, and the upper, and twice 
the lower breadth at the after division, for the sum of the breadths: 
then multiply the sum of the depths by the sum of the breadths and 
this product by the length, and divide the final product bj 3500, 
which will give the number of tons for register. 

If the vessel have a poop, or half deck, or a break in the xmatt 
deck^ measure the inside mean length, breadth, and height of sndi part 
thereof as may be included within the bulk-he^; multiply £ie 
three measurements together, and dividing the product by 92*4 the 
quotient will be the number of tons to be added to the result as aboTC 
found. 

In order to ascertain the tonnage of open vessels, the depths are to 
be measured from the upper edge of the u{^r strake. 

To ascertain the tonnage of Steamrwssels, 
Rule, — In addition to the foregoing rules, when applied for tbe 
purpose of ascertaining the tonnage of any ship or vessel propelled bf 
steam, the tonnage due to the cubical content of the eDgine-roon 
must be deducted from the total touu^ of the vessel, as detcnninri 
by either of the rules aforesaid, and ue remainder will be the true 
i*egister tonnage of the said ship or vessel. 

To determine the tonnage due to the cubical content <if tkt 

Engine-room, 

JRule, — ^Measure the msVde \eii^\i ol ^<^ «ci^<i>t^xsc^ Va. fisat aid 
<feciinal pai-ts of a foot, fTom m^ fot«aw»\. \o VJa^ «5utxowi^vs^. 
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head, then multiply the said length bj the depth of the ship or 
vessel at the midship divisitm as aforesaid, and the product bj the 
inside breadth of the same division at two-fifths of the depth from 
the deck, taken aforesaid, and divide the last product by 92*4, and 
the quotient will be the tonnage due to the cubical content of the 
engine-room. 

To ascertain the tonnage of Vessels wAen laden. 

Ride, — Measure, first, the length on the upper deck between the 
afterpart of the stem, and the forepart of the stem-post ; secondly, 
the inside breadth on the under side of the upper deck, at the middle 
point of the length ; and, thirdly, the depth from the under side of 
the upper deck down the pump- well to the sink; multiply these 
three dimensions together, and divide the product by 130, and the 
quotient will be the amount of the register tonnage of such ships. 

MECHANICS. 

Mechanics is the sci^ce of forces, and the effects they prodiu« 
when applied to machines in the motion of bodies. 

Machine, or engine, is any mechanical instrument contrived to move 
bodies. 

Equilibrium is an equality of action, or force, between two or more 
powers, or weights, acting against each other, by which they destroy 
each other's effects, and remain at rest. 

The centre of motion is the fixed point about which a body moves. 

The axis of motion is the fixed line about which it moves. 

The centre of gravity is a certain point on which a body (being 
freely suspended) will rest in any position. 

The whole momentum, or quantity of force of a moving body, is the 
result of the quantity of matter multiplied by the velocity with which 
it is moved. 

THE MECHANICAL POWERS. 

Power is compounded of the weight, or expensive force of a moving 
body multiplied into its velocity. 

The power of a body, which weighs 40 lb., and moves with the 
velocity of 50 feet in a second, is the same as that of another body 
which weighs 80 lb., and moves with the velocity of 25 feet in a 
second : for the products of the respective weights, and velocities are 
the same. 

40X50 = 2000; and 80X25=2000. 

Power cannot be increased by mechanical means. 
Power is applied to mechanical purposes — 

1. By the lever ; 4. By the inclined plane ; 

2. By the wheel, and axle ; 5. By the wedge ; 

3. By the pulley ; 6, B^ \ii% «sto« \ 

which are the simple elements of a\\ mac^mes. . 
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The whole theory of these elemeuts consists simply in caasiog the 
weight, which is to be raised, to pass through a greater or a leas apace 
than the power which raises it ; for, as power is compounded of the 
weight, or mass of a moving body, multiplied into its velocity, a 
weight passing through a certain space may be made to raise, through 
a less space, a weight heavier than itself. 



THE LEVER, 

The lever is the most simple of all machines, being only a straight 
bar of iron, wood, &c., supported on, and moveable round a prop, 
called the/wfcrwm. 

Case 1. — When the fulcrum of the lever is between the power, and 
the weight. 

Rule, — Divide the weight to be raised by the power to be applied; 
the quotient will give the difference of leverage necessary to support 
the weight in equilibriam. Hence, a small addition either of leverage, 
or weight, will cause the power to preponderate. 

Example 1. — A ball weighing 3 tons is to be raised by 4 men, who 
can exert a force of 12 cwt. : required the proportionate length of 
lever ? 

3 tons = 60 cwt. ; and f$ = 5. 

In this example, tiie proportionate lengths of the lever to maintain 
the weight in equilibrium, are as 5 to 1. If, therefore, an additicnal 
pound be added to the power, the power side of the lever will pie- 
ponderate, and the weight will be raised. But, although the ball is 
i*aised by a force of only one-fifth of its weight, no power is gained, 
for the weight passes tiirough only one-fifth of the space. The pro- 
ducts, therefore, arising from the multiplication of the respectiTe 
weights, and velocities are the same. 

Example 2. — A weight of 1 ton is to be raised with a lever 8 feet 
in length, by a man who can exert, for a short time, a force of rather 
more than 4 cwt. ; required at what part of the lever the fulcrum 
must be placed ? 

20 cwt. 

= 5 ; that is, the weight is to the power as 5 to 1. there* 

4 cwt. ' 

- 8 

fore, - — - = 1 foot and a third, from the weight, 
o X 1 

Example 3. — ^A weight of 40 lb. is placed 1 foot from the fulcrum 
of a lever ; required the power to raise the same, when the length of 
the lever on the other side of the fulcrum is 5 feet ? 

= 8 lb. Ana. 

5 

Case 2,— When iU /ulcrum <s at on« extremity of the lever, and 
^ power at the other, • 
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JSufe. — ^As the distance betw^n the power, bnd the fulcrum is to 
the distance between the weight, and the fulcrum, so is the effect to the 
power. 

Example 1. — Required the power necessary to raise 120 lb., when 
the weight is placed 6 feet from the power, and 2 feet from the 
fulcrum ? 

As 8 : i2 : : 120 : 30 lb. Ans., 

Example 2.— A beam, 20 feet in length, and supported at both 
ends, bears a weight of 2 tons at the distance of eight feet from one 
«nd ; required the weight on each support ? 

40cwt. XSfeet ,„ . , , , . i. .^ ^ i. xi. 

=16 cwt. on the support that is furthest trom the 

20 feet ^^ 

40x12 
weight; and - — -— = 24 cwt. on the support nearest to the weight. 
° * 20 feet *^^ 

Case 3, — When the weight to he raised is at one end of the lever ^ 
the fulcrum at the other, and the power is applied between them, 

RtUe. — As the distance between the power, and the fulcrum, is to 
the length of the lever, so is the weight, to the power. 

Example. — ^The length of the lever being 8 feet, and the weight at 
its extremity 60 lb., required the power to be applied 6 feet from the 
fulcrum to raise it? 

As 6 : 8 : : 60 : 80 lb. Ans, 

Velocity is gained at the expense of power by the lever ^ and wheel, 
and axle. 

Note 1.— When two men are carrying a load on a pole between them, the 
strongest man sbonld have the weight placed nearer to him than the other man. 

Note 2. — To carry guns^ «6c. — ^If the burden pan be carried by four men; 
after having made it fast to the middle of a lai^e lever, fa. the extremities of 
this lever on two shorter levers, and place a man at each of the points, 
C, D, E, F. Fi(2e j^Iate, Mechanics, Fig, 1. In Fig. 2, the weight is equally 
divided between eight men, and in Fig. 3, between sixteen men. 

THE WHEEL, AND AXLE. 

The advantage gained is in proportion as the circumference of the 
wheel exceeds that of the axle; therefore, the larger the wheel, and 
the smaller the axle, the stronger is the power of this machine, but 
then the weight will rise proportionally slower. A winch may be 
used .instead of a wheel, for in turning the winch the hand will describe 
a circle, and there is no difference in the result, whether an entire 
wheel be turned, or a single spoke which the winch as a lever repre- 
sents. 

R%de, — As the radius of the wheel is to the radius of the axle, so is 
the effect, to the power. 

Example. — A weight of 50 lb. is exerted civ \2ckfe ^ts^^t^ "sR- ^ 
wheel, whose radius is 10 feet •, Tec^uedt. >i3!aft ^ci.^\. x«««^ ''^ '^*' 
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extremity of a cord wound round the axle, the radios being 20 
inchee. 

50 lb. X 10 feet X 12 inches 

5ous:s. =^ •»•• ^' 

THE PULLEY. 

The pulley consists of a grooved wheel, called a shectve, moveable 
on an axis, or gudgeon, and enclosed in a frame, or case^ called a 
block. By passing a cord over the pulley, a man will be enabled to 
draw up a weight equal to that which his own body aopplies in poll- 
ing downwards. 

By comibiaing a number of pulleys, as many assistants are obtained 
as there are wheels : thus, two pulleys will have double the power (^ 
one, because half the weight is sustained by the frame to which one 
end of the cord is attached ; but then it requires dentble the time to do 
the work. As the friction of the pulley is very great, particalar 
attention must be paid that all the turns or kinks of a rope be tikea 
out, before it is made use of, and it should enter easily into the gioores 
of the sheaves. 

Hule. — ^Divide the weight to be raised by twice the number of pul- 
leys in the lower block ; the quotient will give the power neoesnrv to 
raise the weight. 

Example, — ^What power is required to raise 600 lb., when the lower 
block contains six puUep ? 

600 

r = 50 lb. Ana, 

6X2 

TACKLES. 

Tackles are named according to the number of blocks emplotvd: 
and the arrangement, and size of gear. Small tackles ar« usoally 
called Jiggers; larger ones, Bartons; still larger, JJuffs: a beary 
tackle, or combination of such is a Purchcae, 

The fall is the rope of which the tackle is composed ; that end of it 
which is fixed to the block is called the standing part, or e>»d; the 
other, which is pulled, or hauled on by the men, is called the iitaaay 
part, or end; and the parts which pass from one block to the othtr ire 
called the returns of the fall. 

In all operations with tackles, the following directiona akoM it 
attended to>~^ 

1st. Make fastenings stronger than appears actually nnrcnnnij. 

2nd. Examine the straps, and hooks of the blocks carefblly. 

3rd. Consider whether the cordage is new, half-worn, or alnoit 
worn out. 

4th. Attend to the sellings of the clinches, the sheet bends, the 
proper stoppering of the fall^ the belaying the fall with two half 
Pitches. 

5th. Be very dbtrui^l ot »Vf%®» «vY^N»^ 's^ wosx^jK^ ^ w».to^ 
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6tli. Do not allow ropes to be struck, or trampled on, when the 
weight is suspended. 

7th. The men should stand as safe as the proper performance of the 
various duties will permit. 

8th. In pulling a rope, the men ought to place ihemselres in a right 
line, and haul together. The most advantageous position for pulling 
is down a «lope, or in a descending position. • 

COMBINATION OP PULLEYS. 

A leading block is a fixed pulley, which alters tbe direction of the 
power, but does not increase it: Power = Weight. On account 
of friction the power must exceed the weight a little, in order to 
raise it. 

Vide plate, Mechanics, Fig, !• 

A whip is one moveaUe pulley, which increases the power without 
altering the direction. 

Power = J weight (or 2 to l),^Vide Fig, 2. 

A lohip upon whip will afford the same piirchaM as a tackle faavii^ 
a single and double blod^ and with much less friction. 

A gun tackle consists of two single blocks with fall fixed to the 
one, then rove through the other, and then through the first. 
Power = J weight (or 2 to 1) i or Power = | weight (or 3 to 1). 
Vide Fig, 3, and 4. 

Two double blocks are generally used for very heavy guns. 

A luff tackle, or half iMich tackle, consists of one double and one 
single block : the £4^ is fixed ■ to the single, then ix>ve through first 
sheave of the double, tiien through sheave of single, and lastly through 
second sheave of double blo<^. Power = ^ weight (3 to 1) : or 
Power = ^ weight (4 to i). Vide Fig. 5, and 6. 

A runner tackle is the same as a luff tackle, api^ied to the end of a 
large rope, called a runner, which is rove through a single block 
attached to a fixed point, or to a body that is to be moved, or raised ; 
the standing end or the runner beii^ aecnved to anothor point. 

Power is either 6 to 1, or 7 to 1, or 8 to 1. 

A gyu tackle -oobsists of ode tri^^ and one double block: the fall 
is fixed to the donUe, then rove through first sheave of triple, then 
through first sheave of double, then through seoood sheave of triple, 
then through second sheave of douUe, and lastly through third sheave 
of triple block. 

Power = ) wielght (5 t* 1) ;. or Power « i weicjht: (6 to 1). 
Vide Fig. 7, 

If the moveable block of a tackle be strapped witk« ^aHj tt kindled 
a tail^ or jiigger blook: and tiie tackle a tail, w jigger tackle : a block 
with a hook strapped to it, and attached to a selvage, answers the 
same purpose. 

Two double blocks, with fall fixed to one of them, and then rove 
through the sheaves of both blocks, will either give Powet =■ J^'^^ci^s:^ 
(4 to 1) : or Power = J weight (5 to 1). Fig. %. v. «;^ 

Tufo tryfde bhcks, with fiiU fixiAto ona o« VJ^wa^Hhissawi^'^^scwaJe^ 
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sheaves of both blocks, will either give power = 1 weight (6 to 1): or 
Power = I weight (7 to 1). Fig. 9, 

In the system of pulleys (vide plate, Mechanics) the Power is shown 
at the hooks of the moveable blocks, which are to be applied to the 
bodies, or weights, requiring to be moved, or raised. The gtnm is 
also shown at the fixed blocks. 

In Fig. 3, there are Vwee parts of the rope engaged in snpportiif 
the weight — viz., the parts marked 1, 1, 1. E^ch of them, hence, 
sustains one-third of it, and the fall of the rope to which the power is 
to be attached requires the Power = 1, if weight = 3. The same 
principle of calculation is applicable to all systems of pulleys having 
one fixed block, any number of moveable wheels, and a single rope 
over all the wheels. Hence, in such a system of pulleys, gravitr 
being applied, there will be an equilibrium, when tiie weight is as 
many times the power as there are portions of the rope employed in 
sustaining the weight. For example, in a system consisting of six 
moveable sheaves, the same rope going over them all, there will be 
12 portions of the rope engaged; and to produce an equilibrium the 
power must be equivalent to ^ the weight, no allowance being j**^^ 
iox friction. 

From the foregoing observations, and by referring to the plate, it 
will be seen that ea(^ tackle has two applications, differing in power 
one from the other ; for example, if the double block of a luff U/Sfk 
is fixed to a weight to be moved, and the single block to a picket, or 
other fastening. Fig, 6, then, if one man haul on the fall, the power of 
four men will be applied to the weight (4 to 1), and the power oi 
three men to the picket ; but if the double block be fixed to the pidEct, 
Fig, 5, and the single block to the weight, then the force of oolj 
three men will be applied to the weight (3 to 1), and a power of /w 
men to the picket, or fastening. 

When the moveable block of one tackle is fixed to the fall of anotho 
tackle, their respective powers are to be multiplied into each other fat 
the power of the combination : thus, if one luff tackle is fixed to the 
fall of another luff tackle (the double blocks of both tackles htraz 
moveable), the power will be4X4 = 16(16tol): in this, the ma 
haul through 16 feet to move the weight one foot; therefore if the 
combination be increased until the men haul through 100 feet to move 
the weight one foot, then the power would be 100 to 1. 

The foregoing powers are, however, only true in theory, and arc^ 
therefore, called theoretical powers : for owing to the great friction of 
the pulleys, the stiffness of the ropes, &c., the actual practuxU powen 
are far less ; so much so, that with a combination giving a power of 
48 to 1, a 24-pr. (2| tons weight) suspended, can scarcely overhtol 
.the fiill, the friction being so very great. 

THE INCLINED PLANE. 

The inclined plane foTtuft cVnv^\^ «l \gnA\M\ vcA^lQ^in^ instead oft 
f udden and perpendicu\»x aaceol, Vj "viViStf^ \AA.'t^ Xm^w^ \uk| V<l 
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raised to oertain heights. The power necessary for raising a weight 
depends on the difference between the length of the plane and the 
height to be ascended. If the height be one- third of the length, then 
one pound will lift three pounds. The force with which a rolling 
body descends on an inclined plane is to the force of its absolute 
gravity, as the height of the plane is to its length. 

Parbuckling a gun on skids unites the advantage of one moveable 
pulley with that of the inclined plane. 

JRule. — ^As the length of the plane is to its height, so is the weight 
to the power. 

Example, — Required the power necessary to raise 540 lb. up an 
inclined plane, five feet long, and two feet high. 

As 5 : 2 : : 540 : 216 lb. Ans. 



THE WEDGE. 

The wedge may be considered as two equally inclined planes joined 
together at their bases. It has a great advantage over all the other 
powers, arising from the force of percussion, or blow, with which the 
back is struck ; which is a force incomparably greater than any dead 
weight, or pressure, such as is employed in other machines. The 
largest masses of timber may by this means be riven, and vessels of 
war, weighing many thousand tons, are lifted from their supports by 
the power of a few men, exerted by blows of mallets on wedges 
inserted for that purpose. 

The power of the wedge increases in proportion as its angle is acute. 
In tools intended for cutting wood the angle is commonly about 30^ ; 
for iron from 50° to 60° ; and for brass from 80° to 90°. 

Case 1. — When two bodies are forced from one wnotJier, by means 
of a wedge, in a direction parallel to its back. 

Rule, — As the length of the wedge is to half its back, or head, so is 
the resistance, to the power. 

Example, — The breadth of the back, or head of the wedge, being 
3 inches, and the length of either of its inclined sides 10 inches, re- 
quired the power necessary to separate two substances, with a force 
of 150 1b. 

As 10 : 1} : : 150 : 22j lb. Ans, 

Case 2. — When only one of the bodies is moveable. 

Rule, — As the length of the wedge, is to its back, or head, so is the" 

resistance, to the power. 

Example, — The breadth, length, and force, the same as in the last 

example. 

As 10 : 3 : : 150 : 45 lb. Ans. 

THE SCREW. 

The screw is a spiral thread or groove cut rovxxA «k ^'^\«A<a ^ •ssv^ 
everywhere making the same angle willi tYve\ftiv^>iJti qI W., "5>a& ^ox^'^^k'^ 
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a power applied to tarn a screw round h to the force with which it 
preeses upward, or downward, setting aside the Ariction, mg the dislnot 
between two threads is to the circumrerence where the power is apfdied ; 
or tlie advantage gained is as much as the drcamference ef a circle de> 
scribed by the handle of the winch exceeds the interval, or distanoe^ 
between the spirals of the screw. Hence the force of any maddne 
turned by a screw can readily be computed ; for instance, in a prai 
driven by a screw, whose threads are each a quarter of an inch ammder, 
and with a handle, to turn the screw, four feet long ; tlnn, if the 
natural force of a man, by which he can lift, pull, or draw, be 150 Hk, 
and it is required to determine with what force the screw will pnss 
when the man turns the handle with his whole force ; the diameter of 
the handle (power) being 4 feet, or 48 inches, its circumferenoe is 
48 X 3 * 1416, or 150| nearly ; and the distance of the threads beiDgone* 
fourth of an inch, therefore the power is to the pressure as 1 to 
(150|X4) = 60Si, but the power is equal to 150 lb., therefore ss 
1 : 603^ : : 150 : 90480, and consequently the pressure is equal to a 
weight of 90480 lb. iudepend^t of friction. 



COMPOUND MACHINES. 

Though each of the mechanical powers is capable of overcoming the 
greatest possible resistance in theory, yet in practice, if used singly for 
producing very great effects, they would frequently be so unwieldy and 
unmanageable as to render it impossible to apply them. For this 
reason it is generally found more advantt^eous to combine them to- 
gether, by which means the power is more easily applied, and many 
other advantages are obtained. In all the mechanical powers, and thor 
combinations, and in all machines, simple as well as compound, u>Kat u 
gained in power is lost in time or velocity ; and vice versd^ or in other 
words, the product of the power, and the space through which it movfi, 
is equal to the product of the weight, and the space through which it 
moves in the same plane. Suppose that a man, by means of a fined 
pulley, raises a beam to the top of a house in two minutes, it is dear 
that he will be able to raise six beams in twelve minutes ; but bj wi— «« 
of a tackle with three lower pulleys, he will raise the six beams at once 
with the same ease as he before raised one, but then he will be six times 
as long about it, that is, twelve minutes : thus the work is performed 
in the same time whether the mechaioical power is used, or not. But 
the convenience gained by the power is veiy great ; for if the six beams 
are joined in one, they may be raised by the tackle, though it would be 
impossible to move them by the unassisted strength of one man. No 
read gain of force is obtained by mechanical contrivances : on the con- 
trary, from friction and other causes, force is always lost ; but by ma- 
chines a more convenient direction can be given to the moving power, 
and so modify its energy as to obtain effects which it could not others 
wife produce. 
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FEICTION. 

Friction arises from the iiTegnlarities of the surfaces which move 
upoa one another. The surfaces of bodies of the same nature are moved 
with more facility over each other than tiiose of a dissimilar nature. 
In proportion as the surfaces which are to be moved upon one another 
are rough, a greater force is requisite to pioduoe motion. The same 
surfaces when under a greater pressure, are subject to still further 
friction. A double pressure doubles the amount of friction, a treble 
pressure trebles, and so on in nearly the same proportion. When 8ur> 
faces are moving aloi^ each other in the direction of their grains, the 
friction is greater than when the direction of the grains is at right 
angles. Friction is little influenced by the velocity with which bodies 
move upon one another. Friction may be diminished in vaiious ways, 
as will appear by the result of the following experiment with a block 
of square stone weighing 1080 lb. : — 

1. In order to drag this stone^along the floor of a quarry roughly lb. 

chiselled, it required a force equal to 758 

2. Over a floor of planks, ditto 652 

3. Placed on a platform of wood, and dragged over a floor of 

planks 606 

4. Afler soaping the two surfaces of wood, which slide over each 

other 182 

5. Placed on rollers of three inches diameter, and moved along 

the floor of the quarry 34 

6. To drag it on these rollers over a wooden floor ..... 28 

7. Mounted on a wooden platform, and the same rollers placed 

between the {^tform, and a plank floor 22 

One of the most remarkable instances of the application of rollers is 
the transport of the rock which now serves as the pedestal of the eques- 
trian statue of Peter the Great at St. Petersburg. This rock is a single 
block of granite weighing 1217 tons. A railway was formed, consisting 
of two lines of timber, ^imished with hard metal grooves ; similar, and 
corresponding metal grooves were flxed to the under side of the sledge, 
or frame, on which the stone was laid, and between these grooves were 
placed spheres of hard brass, about six inches in diameter. On these 
spheres the frame with its enoimous load was easily moved by sixty 
men working at capstans with triple purchase blocks. 

UNGUENTS. 

Mr. G. Rennie found, from a mean of experiments, witb different 
unguents, on axles in motion, and under diflerent pressures, that, with 
the unguent tallow under a pressure of from 1 to 5 cwt., the friction 
did not exceed ^th of the whole pressure ; when sofl soap was applied, 
it became ^th ; and with the softer unguents applied, such as oiUK<^ 
lard, &c., lie ratio of the friction to the pressviT^Vosi^aaft^^ Xapo^.-^NfiOpk- 
the hardej- ungnenta as soft 8oap,ta\\ow«.axi^ aa\\-«XJk3\>aovx<:»xsivaei^^^ 



30i STRENGTH OF MATERIALS. [PART XV. 

the friction considerably diminished ; consequently, to render an 
unguent of proper efficiency, the nature of the ungnent most be 
measured by the pressure, or weight, tending to force the sm-fiices to- 
gether. 

TRANSVERSE STRENGTH OF MATERIALS. 

When a beam, of any material, is loaded, the surface in contact with 
the load is compressed , and the opposite surface extended; and there is 
a line between these, which is neither compressed, nor extended, called 
the neutral line. 

If the depth of a beam be doubUdy the breadth, and length betweer 
supports remaining the same, its strength will be increased four times. 

If its breadth be doubled^ the other dimensions being as above, its 
strength will be doubled. 

By increasing the distance between the supports of any beam, iti 
strength is decreased in the same ratio ; twice the distance between the 
supports will weaken the beam one-half ; half the distance between the 
supports will enable it to bear twice the load.* 

The same beahi will bear twice the load, if, instead of being concen- 
trated in the middle, it be equally distributed over the whole length 
of the beam. 

If the load on a beam be placed near to one of the supports, inste^ 
of in the middle, its effect will decrease in the ratio of its proximity to 
the su]>port. 

Let S s represent the beam, W the load or weight in the middle, w 
the weight near s; then the load which the beam will carry at the 

point where w is placed will be found by the following proportion : 

As S w X w s : S W X W s : : W : w. 

A beam, fixed at one end, and loaded at the other, will bear half the 
weight of one of the same length supported at each end. 

If the end of a beam, instead of being only supported, be fixed its 
strength will be in the proportion of 3 to 2. 

From the foregoing results it will be seen that the strength of a 
rectangular beam varies, as the breadth multiplied by the depth squared, 

b Xd* 
divided by the length, — - — ; and if the breaking weight of any ma- 
terial, 1 inch square, and 1 foot long, be found, it wUl represent a 
constant multiplier for the above equation. 

Thus the breaking weight of a beam of Riga fir, 1 inch square, and 
1 foot long {vide following table), is *164 of a ton ; and to find the 
breaking weight of a beam of any other dimensions, the rule is simpiT 

-m h d* ^^. 
W=— -X •164. 



* To itrenotAen a beani, dfcc vhxck it required to mpport a gnat ^nUkt vrer 
a cavity, or ditch.— P\ftc% a pTCiv» ox *\vat\. ^V&^xoid&t the centre of the beiBi. 
and pass a strong rope, ot cVvaJov, o^« Mi\* \»sssl \«&«i^'w^^ ^xA 'osMler tte 
akid, hauling It yery ugYil, wnAxosWi^ilaaX.. 
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Example, — What will be the bieaking weight of a beam of Riga fir, 
8 inches broad, 12 inches deefp, and 20 feet long? 

8 X 12* 

= 57 • 6 57 • 6 X • 164 = 9 '44 tons, breaking weight. 

20 

Table of constants, for beams of diffeient materials, being the break- 
ing weights of such beams, 1 inch square, and 1 foot long. 



Riga fir , 
Red pine . 
Pitch pine 
Beeoh . . 
Elm . . 
Ash . . 



•164 of a ton. 
•199 „ 
•242 „ 
•231 „ 
•150 „ 
•301 „ 



From the foregoing rules 



English oak . . •248 of a ton. 
Canadian do. . *261 
Dantzic do. . -219 
Teak .... -366 
Cast iron, mean . 1 '000 
Wrought do. .1-083 

bd* 
Length = -rrr- X constant. 



»» 
>» 



Breadth 



W 
1 W 



Depth 



/TW 



X constant. 



X constant. 



The practical weight that a beam will carry with safety, perma- 
nently, should only be taken at one-fourth of the above computations. 

Note.— B.esa\t of experiments made by Mr. Arman, Bhip-boilder, at Boar- 
deaux, to ascertain the strength of mahogany, as compared with French oak, 
and teak. 

A piece of each kind of wood, about foar inches square, was placed across 
the machine used for proving diain cables, and a piece of diain was attached 
to a ring fixed in the centre of it. A strain being laid on, the oak broke under 
a force of 1,800 kilogrammes Cabout 3,960 lb.) ; the teak with that of 3,300 (about 
7,260 lb.) ; and the Honduras mahogany of 3,400 (about 7,480 lb.). The oak 
and teak appeared as if crushed, but without a complete disjunction of the 
fibres; the mahogany showed long i^tlinters, indicating a much longer grain 
or fibre than the others. 

ADHESION OF NAILS, AND SCREWS, 

TTie percussive force required to drive the common sixpenny nail 
(73 to the pound) to the depth of an inch and a half into deal, with a 
weight of six pounds and a quarter, is four blows, or strokes, falling 
freely the space of one foot ; and the steady pressure to produce the 
same effect is four hundred pounds. A sixpenny nail driven into dry 
elm to the depth jof one inch across the grain requires a force of 327 
pounds to ex;tract it; and the same nail, driven into the same wood 
endways, or longitudinally, can be extracted with a force of 257 pounds. 

To extract a sixpenny nail from a depth of one inch out of dry oak 
requires 507 pounds, and out of dry beech 667 pounds* A sixpenny 
nail driven two inches into dry oak would require a steady force of 
more than half a ton to extract it. 

A common screw of one-fifth of an incYi d^am^Vftx V-aa «». ^^^:»«^ 
force of about three times that of a uxpeimj i».\\« . 
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GRAVITY. 

Gravity is downward pressure, or weight, being the natural todeicT 
of all bodies towards the centre of the earth. ( Vide Cfravity, Monos* 
Forces. Page 309.) 

Absolute gravity denotes the whole force with whidi a body tods 
downwards, as when the body is in empty space. 

Specific gravity denotes the relative or comparative gravity ef vf 
body, in respect to that of another body of equal balk, or magnitode. 

Centre of gravity is that point in a body, or system of bodies, ob 
which, if rested, or suspended, the whole would remain in a state ti 
equilibrium about that point. 

TTie centre of gravity of a circle, regular polygon, prism, cylindtfi 
or sphere, is in its centre. 

The centre of gravity of a triangle is found hy bisecting anv two of 
its sides, and drawing lines from the points of bisecticm to the'oraostt 
angles ; the intersection of these lines will be the centre of gravitv. 

Force of gravity^ or gravitation, is an accelerated velodtv, whick 
bodies acquire in falling freely from a state of rest. 

1. The space through which a body will fall in feet, in any gi^^ 

time equals the product of the square of the time multioUed 1^ 
16 •0833. ^ ' 

Example, — Required the space a falling body will pass through in 
five seconds ? 

16-0833X25 = 412«0825 feet, 

2. The velocity in feet, which a body in descending fredy will 

acquire in a given time, equals the product of the time in ttfw*^ 
multiplied by 32*1666. 

Example, — What is the velocity acquired at the end of seven seeoo^? 
32 -1666X7 = 225 -1662 feet. 

3. The velocity in feet per second that a body will acquire, m 

falling through a given space, equals the square root of the 
product of the time multiplied by 64*3333. 

Example. — ^The space through which a body has fidlen is 201 6ct ; 
required its velocity at the end of the fall ? 

V64*3333x 201 = Vl2931 = 1137 feet. 

SPECIFIC GRAVITIES OF SEVERAL SOLID, AND FLUID BODIES. 



Air,* in a mean state 1*232 

Brass, cast • . . 8000 



Brick • . • . 2000 
Coal* .... 1250 



* 3 inch cube full of sir floats 1 lb. in water. 
3 inch cube of water weighs 1 lb. in air. 
1 cobic foot of water weighs 64 lb. in air. 
1 ditto coal ditto 80 - 64 = 16 in water. 
1 ditto sand ditto S5 — 64 = 31 in water. 

A soft of elothes and a pa\T ot \»Qo\A,^\iViVi^^n^ t lb. in air, when ««a 
sstnnited with water, qdIj ^Ne^Ya 'watet \\>». 
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Copper . , . 
Cork . . . . 
Clay . . . . 
Earth, common . 
Flint . . . . 
Gold, standard 
Gun metal • • 
Gunpowder — solid 
,f luose 

Granite . . • 
Iron, cast • • 
Lead • • . • 
Pitch .... 
Sand*. . . . 



9000 
240 
2160 
1984 
2570 

18888 
8784 
1745 
868 
3000 
7425 

11325 
1150 
1520 



Silver, standard . 

Steel .... 

Stone, common • 

Tin . • . . 

Water, rain . • 
* sea. • • 

Wood — alder . . 

ash, the trank 
beech . . . 
elm, and larch 
fir, Riga, & maple 
pine, pitch & red 
oak • • • 
walnut . . 



307 

10535 

7850 

2520 

7320 

1000 

1030 

800 

845 

852 

540 

750 

660 

950 

671 



As a cubic foot of water weighs 1000 ounces avoirdupois, the 
numbers, in the above Table, express not onlj the specific gravities of 
the several bodies, but also the weight of a cubic foot of each, ia 
avoirdupois ounces ; and therefore, by proportion, the weight of any 
other quantity, or the quantity of any other weight may be found. 

To find the Magnitude of any body from its voeight. 

As the tabular specific gravity of the body 
is to its weight, in avoirdupois ounces ; 

so is one cubic foot (or 1728 cubic inches) 
to its content in feet, or inches, respectively. 

To find the Weight of a body, from its magnitude. 

As one cubic foot (1728 cubic inches) 

is to the content of the body ; 
so is its tabular specific gravity 

to the weight of the body. 

To find the Specific gravity of a body, 
1. — When the body is heanoier than water. 
Weigh it both in water, and out of water, and take the difference : 

Then, — As the weight lost in water 

is to the whole, or absolute weight ; 
so is the specific gravity of water 
to the specific gravity of the body. 

2. — When the body is lighter than water, so that it will not sink, 
umex to it another body heavier than water, so that the mass com- 
pounded of the two may sink together. Weigh the denser body, and 
"he compound mass separately, both in winter, and out of it ; then find 
low much each loses in water, by subtracting its weight in water 
h>m its weight in air ; and subtract the less of these remainders from 
lie greater. 

* See note, page 30%. 
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• Then,-*— As the last remainder • - . . 

is to the weight of the light body in air ; 
• 80 b the specific gravity of water . 
to the specific gravity of- the- body, 

3. — For a Fluid of any sort. 

Take a piece of a body of known specific gravity, weigh it both in, 
and out of the fluid, finding the loss of weight by taking the difference 
of the two : — 

Then, — As the whole, or absolute weight 
is to the loss of weight ; 
so is the specific gravity of the solid • . ♦ . 
to the specific gravity of the fluid. 

To find the Quantities of two ingredients in a given compotmd. 

Take the three differences of eveiy pair of the three specific gravities, 
namely, the specific gravities of the compound, and each ingredient, 
and multiply each specific gravity by the difference of the other two : 

Then, — As the greatest product 

is to the whole weight of the compound ; 
so is each of the other two products 
to the weights of the two Ingredients. 

To find the Diameter of any small sphere, or globule^ whose specific 
gravity is given (or can be found in the Table) and weight known. 

Divide its weight in grains by the number expressing its specific 
gravity ; extract the cube root of this quotient, and multiply it by 
1 • 9612 for the diameter. 

WEIGHT OP A CUBIC FOOT OP THE FOLLOWING MATERIALS, 

in pounds. 

Gravel ...... 120 

Granite 166 

Brick, common .... 98 

Chalk 145 

Coal, Newcastle ... 78 

Antimony 418 

Brass, cast • • . . . 525 

Copper 538 

Gold, pure 1203 

Iron, cast, variable. • • 444 

Lead 717 

Silver, standard • • . 644 

Tin. •••... 455 



Ash ....... 49 

Beech .43 

Birch ...... 49 

Box 60 

Cork 15 

Elm 36 

Fir 30 

Mahogany, Spanish ... 50 

Pine, red. ..... 41 

Teak 41 

Walnut 41 

Coke 46 

Clay 125 

Earth, loose 95 

hj means of the foxegom^ V«ife\ft, \ii% n^^v^I <i€ any quantity of the 
materials specified Qu cuUc ieelt^ mvj T^aL^xVjXsfcioMsA. 
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MOTION, FORCES, &c. 

Body is the mass, or quantity of matter in any material substance, 
and it is always proportional to its weight, or gravity, whatever its 
figure may be. 

Density is the proportional weight, or quantity of matter in any 
body. 

Velocity, or celerity, is an affection of motion by which a body 
passes over a certain space in a certain time. 

Momentum, or quantity of motion, is the power, or force, in moving 
bodies. 

Force is a power exerted on a body to move it, or to stop it. If 
the force act constantly, it is a j>ermanent force, like pressure, or the 
force of gravity ; but if it act instantaneously, or for an imperceptibly 
short time, it is called impulse, or percussion^ like the smart blow of a 
hammer. 

A motive, or mooing force, is the power of an agent to produce 
motion. 

Accelerative, or retardative force, is that which affects the velocity 
only, or it is that by which the velocity is accelerated, or retarded. 

The change, or alteration of motion by any external force, is always 
proportional to that force, and in the direction of the right Ime in 
which it acts. 

If a body be projected in free space, either parallel to the horizon, 
or in an oblique direction, by the force of gunpowder, or any other 
impulse : it will, by this motion, in conjunction with the action of 
gravity, describe the curve line of a parabola. 

A parabola is the section formed by cutting a cone, with a plane, 
parallel to the side of the cone. 

Gravity (vide page 306) is a force of such a nature that all bodies, 
whether light, or heavy, fall perpendicularly through equal spaces in 
the same time, abstracting the resistance of the air ; as lead, and a 
feather; which, in an exhausted receiver, fall from the top to the 
bottom in the same time. The velocities acquired by descending, are 
in the exact proportion of the times of descent, and the spaces descended 
ire proportional to the squares of the times, and, therefore, to the 
squares of the velocities. Hence, then, it follows that the weights, 
:>r gravities of bodies near the surface of the earth are proportional to 
the quantities of matter contained in them; and that the spaces, 
times, and velocities generated by gravity, have the relations contained 
n the three general proportions before laid down. 

A body in the latitude of London falls neaily l&j?^ feet in the first 
wcond of time, and consequently, at the end of Uiat time, it has 
icquired a velocity double, or of 32^ feet. 

The times being as the velocities, and the spaces as the s(]^uare& c^€ 
iither; therefore, 

if the times be as the Nos, ^^ . 

1, 2, 3, 4, T>, ^, 1, '^^ ^- ^"^^ 
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the velocities will also be as 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10; 
and the spaces as their squares 

1, 4, 9, 16, 25, 36, 49, 64, 81, 100; 
and the spaces for each time, 

1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 

Namely, as the series of the odd nmnbers, which are the differences 
of the squares denoting the whole spaces. So that if the first series 
of natural numbers be seconds of time, 

namely, the times in seconds . . 1 2 3 4 &c 

the velocities in feet will be . . 32J 64| 964 128|, &c. 

the spaces in the whole times • . 10^ 644 144^ 2574, &c 

and itie space for each second • • l&J^ 48^ 80^ H^i^* ^ 

of which spaces the common difference is 32j feet, the natural, and 
obvious measure of the force of gravity. 

Thus, a body falling from a state of rest acquires a velocity to 
pass through 9 spaces in the fifth second of time; 7 in the fourth; 
5 in the third ; 3 in the second ; and 1 in the first. Thus it is 
9-f7-H5-+-3-fl = 25, which shows that the whole spaces passed 
through in 5 seconds equal the square of 5. 

The momentum, or force, of a body falling through the atmosphere 
is the mass, or weight, multiplied by the square root of the hdgfat it 
has fallen through, multiplied by 8 '021. 

Suppose a weight of 10 tons to be raised 9 feet, and to drop theoGr 
suddenly on abridge; the momentum is 10x(3x8*021) = 240"68 
tons. That is, a weight of 10 tons, so falling, would exert as great a 
sti-ain to break down the bridge, as the pressure of 240*63 tcms ot 
dead weight. 

Thus, a one-ounce ball falling from a height of 400 feet, woaU 
strike the earth with a momentum of 

oz. feet. oz. lb. 

1 X (20 X 8-021) = 160«42 = 10-026. 

By experiments to ascertain the effect of Carnot's vertical fiie it 
was found that 4-oz. balls only penetrated ^ of an inch into d«l 
board, and from 2 to 3 inches into meadow ground. 

Amplitude signifies the range of a projectile, or the right line upon 
the ground, subtending the curvilinear path in which it moves. 

The time of flight of different shot, and shells is equal to the time ft 
heavy body takes to descend freely from the highest point described 
by the curve of the projectile. 

7b find the Time of descent : 

Divide the given height, or altitude, by 16A, and the square root 
of the quotient will be the time required. Thus, if the altitude » 
1200 feet, and the time of descent is required, 

I200-f-l6J3=:74* blithe ac^xrax^ \^lof which is 8*637, the timr 
ivq aired. 
.Wheo a body Is projected -vwWoaiWv doxoiwarda 'wVi^ ^ ^-^^x-Rtetf^^v 
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the space described is equal to the time multiph'ed by the velocity, 
together with the product of 16^ by the square of the time ; but, if 
the body is projected upwards, the latter product must be sulstracted 
from the former. 

PRACTICAL GEOMETRY. 

DEFINITIONS.* 

A line is perpendicular to another when it inclines not more on the 
one side than on the other, the angles on both sides being equal. 

Parallel lines are those which have no inclination to each other, 
beine; everywhere equi-distant, however far produced, or extended. 

An angle is the inclination, or opening of two lines, which meet in a 
point called the vertex, or angular point : and the two lines are called 
the legs^ or sides of the angle. 

The measure of an angle is estimated by the number of degrees 
contained in the arc between its two legs. 

A rectilinear angle has its legs, or sides, right, or straight lines. 

A curvilinear angle has its legs curves, 

A right angle is formed by one line perpendicular to another ; the 
measure of which is an arc of 90*^. 

An acute angle is less than a right angle, or than 90°. 

An obtuse angle is greater than a right angle. 

An oblique angle may be either acute, or obtuse. 

The circumference, or periphery of a circle is the curved line which 
bounds it, being everywhere equally distant from the cerUre, The 
circumference is supposed to be divided into 360 degrees (marked 
thus °) ; each degree into 60 minutes, each minute Q into 60 
seconds ("). 

An arc is any part of the circumference of a circle. 

A chord, or si^tense, is a right line joining the extremities of an 
arc. 

The radius of a circle is a right line drawn from the centre to the 
circumference. 

The diameter of a circle is a right line drawn through the centre, 
and terminated by the circumference. 

A semi-circle (180°) is that part of a circle which is contained 
between the diameter, and half the circumference. 

A quadrant is the fourth part of a circle, being contained between 
two radii, and an arc of 90°. 

A segment is that part of a circle which is cut off by a chord. 

A sector is that part of a circle contained between two jadii, and 
an arc. 

A secant is a line which cuts a circle, lying partly within, and 
partly without it. 

A tangent is a line which touches a circle, or curve, without 
cutting it. 

* Fide aUa I>ejinitimt'^T'B^fiO-&QMxxvx^^^»s^'l'^^ 
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ITie point of contact is where a tangent touches an arc. 

Triangles are figures having three sides, and three angles. 

An equilateral triangle has its three sides equal. 

An isosceles triangle has only two equal sides. 

A scalene triangle has all its sides unequal. 

A rectangular^ or right-angled triangle has one of its angles a right 
one, or 90°; and the squai*e of the side opposite the right angle is 
equal to the sum of the squares of the sides containing that angle ; 
hence a triangle, having its sides proportional to the numbers 3, 4; 5, 
will be right-angled. 

The hypothenuse is the side opposite the right angle in a rectangular 
triangle. 

An obtuse-angled triangle has one of its angles obtuse. 

An acute-angled triangle has all its angles acute. 

The three angles of any triangle^ taken together, are equal to two 
right angles, or 180°. 

The difference of the squares of two sides of a triangle is equal to 
the product of their sum, and difference. 

The sides of a triangle are proportional to the sines of their opposite 
angles. 

Quadrangles, or quadrilaterals^ are plane figures bounded by four 
right lines. 

A square is a quadrilateral having all its sides equal, and all its 
angles right angles. The diagonal of a square is equal to the square 
ix>ot of twice the square of its sides : and the side of the square is 
equal to the square root of half the square of its dii^onal. 

The diagonal is a right line drawn across a quadrilateral figure, 
from one angle to another. The sum of the squares of the two dia- 
gonals of every parallelogram is equal to the sum of the squares of the 
four sides. 

A parallelogram is a quadrilateral| whose opposite sides are 
parallel. 

A rectangle is a parallelogram having four right angles, 

A rhomboid is an oblique-angled parallelogram. 

A rhombus f or lozenge, is a quadrilateral, whose sides are all equal, 
but its angles oblique. 

A trapezium is a quadrilateral, which has none of its sides parallel 
to each other. 

A trapezoid is a quadrilateral, which has only two of its sides 
parallel. 

Polygons are plane figiures bounded by more than four sides. 

A regular polygon has all its sides, and angles equal. 

The perimeter of a figure is the sum of all its sides. 

To bisect — is to divide into two equal parts. 

To trisect — is to divide into three equal parts. 

Ih inscribe — is to draw one figure within another, so that all the 
angles of the inner figure touch either the an^les^ sides, or planes of 
the external figure. 
lb circumscribe — ^is to dvavi a^^t^ To>MA«tiQV:b«,«a>QBaw\.v^fi^^^ 
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the angles, sides, or planes of the circumscnbing figure touch all the 
angles of the figure within it. 

LINES, ANGLES, AND FIGUBES. 

To divide a given right line into two equal parts. 

From the extremities of the line as centres, and with any opening 
In the compasses, greater than half the given line, as a radius, describe 
ires intersecting each other above, and below the given line. A line 
>eing drawn through these intersections will divide the given line into 
two equal parts. 

An arc of a circle is bisected in the same manner. 

To erect a perpendicular. 

From the point A set off any length 4 times to C : from A as a 
xntre with 3 of those parts describe an arc at B, and from C with 5 
»f them cut the arc at B. Draw A b, which will be the perpendicular 
•equired. Any equimultiples of these numbers, 3, 4, 5, may be used 
or erecting a perpendicular. Plate 2, Heights and Distances, 
aid Practical Geometry, Fig, i. 

To erect a perpendicular. 

Set off on each side of the point A, any two equal distances, A D, 
L £. From D, and E as centres, and with any radius greater than 
lalf D E, describe two arcs intersecting each other in F. Through A, 
nd F draw the line A F, and it will be the perpendicular required. 

Fig, 1. — Plate J Practical Geometry. 

To let fall a perpendicular. 

From D as a centre, and with any radius, describe an arc intersect- 
ig the given line. From the points of intersection c, and E, with 
ny radius greater than half, describe two arcs, cutting each other at 
. Through D, and F draw a line, and D F will be the perpendicular 
squired. Fig. 2. 

To draw a line parallel to a given line. 

From any point D in the given line with the radius D c, describe 
ie arc C e, and from c with the same radius describe the arc D f. 
'ake E c, and set it off from D to F. Through c, and F draw c F for 
le parallel required. Fig, 3. 

To divide an angle into two equal parts. 

From B as a centre with any radius describe an arc A C. From A, 
id C with any radius describe arcs intersecting each other in D. Then 
raw B D, and it will bisect the angle. Fig, 4, 

To divide a right angle into three equal parts. 

From B as a centre with any radius de%cx\'b& VW «x^ k Qi» '^x5sav >»- 
itb the radius A B cat the arc AC m D, mi^ ^VOcv SJci^ ^^^^ t^^^^^ 
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To inscribe a hexagon in a circle. 

Bisect the arcs A c, B c in E, and F, and join AD, D B, B F, &c., 
which will form the hexagon. Or carry the radius six times round 
the circumference, and the hexagon will be obtained. Fig, 11. 

To inscribe a dodecagon in a circle. 

Bisect the arc a D of the hexagon in G, and A G being carr 
ried twelve times round the circumference, will form the dodecagon. 
Fig. 11. 

To inscribe a pentagon^ hexagon, or decagon, in a circle, 

Di*aw the diameter A b, and make the radius D c perpendicular to 
A B. Bisect D B in E. From e as a centre, and with E c as radius, 
describe an arc cutting A D in f. Join C F, which will be the side of 
the pentagon, c D that of the hexagon, and D F that of the decagon. 
Fig. 12. 

To find the angles at the centre, and circumference of a regular 

polygon. 

Divide 360 by the number of the sides of the given polygon, and 
the quotient will be the angle at the centre; and this angle being sub- 
tracted from 180°, the difference will be the angle, at the circumference, 
required. 

Table, showing the angles at the centre, and circumference. 



Names. 

Trigon 

Tetragon 

Pentagon 

Hexagon 

Heptagon 

Octagon 

Nonagon 

Decagon 



No. of 


Anglf-s 


sides. 


at centre. 


3 . 


. . 120° 


4 . 


. . 90O 


5 . 


. . 720 


6 . 


. . 60O 


7 . 


. . 510 25f 


8 . 


. . 450 


9 . 


. . 40O 


10 . 


. . 360 



Angles at 
circumference. 

. 60O 

. 90O 

. IO8O 

. 1200 

. 1280 34y 

. 1350 

. 140O 

. 1440 



To inscribe any regular polygon in a circle. 

From the centre C draw the radii c A, C B, making an angle equal 
to that at the centre of the proposed polygon, as contained in the pre- 
ceding table. Then the distance A B will be one side of the polygon, 
which, being earned round the circumference the proper number of 
times, will complete the polygon required. Fig, 13. 

To circumscribe a circle about a triangle. 

Bisect any two of the given sides, a B, B c by the perpendi- 
culars E F, D F. From the intersection F as a centre, and "^\^3sv *Oss& 
distance of any of the angles, as a radius, ^esctWj^ Wife ^\x<3ife x^^\>x'«^. 
Fig. 14. 
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To circttmscribe a circle about a square. 

Draw the two dlagonalR A c, B D iDtersecting each other in o. From 
o as a centre, and with o A, or o B, as a radius, describe the required 
circle. J%r. 15. 

To circumscribe a square c^ut a circle. 

Draw the two diameters a B, c D pei^pendicular to each other, 
through the points a, c, b, d, draw the tangents E p, e G G H F H, 
and £GH F will be the square required. Fig, 16. 

To reduce a map, or plan, from one scale to another. 

Divide the given figure A C by cross lines, forming as manv squares 
as may be thought necessary. Draw a line E F, on which set off as 
many parts from the scale M, as A b contains parts of the scale x. 
Draw £ H, and F G perpendicular to E F, and each equal to the propor- 
tional parts contained in A D, or b C. Join H G, and divide the tigiiK 
E G into the same number of squares as the original a c. Describe in 
every square what is contained in the corresponding square of tlie 
given figure ; and E F G H will be the reduced plan required. The 
same operation will serve either to reduce, or enlarge any map, pkn, 
drawing, or painting. Fig, 17. 

MENSURATION OF PLANES, AND SOLIDS. 

Mensuration is of three kinds, viz., lineal, superficial, and solid. 
Lineal measure has reference to length only. . v . . 
Superficial measure {or the surface) includes lengthy and breadth. 
Solid measure (or the content) comprehends length, breadth and 
thickness. 

MENSURATION OF PLANES. 

The area of any plane figure is the superficial measmre contained 
within its extremes, or bounds. This area is estimated by the nmnber 
of small squares that may be contained in it, the side of these men* 
suring squares being an inch, a foot, or any other fixed quantity, aod 
hence the area is said to be so many square inches, square feet, &c 
Vide Table, Square measure. Page 281. 

2b find the area of a parallelogram, whether a square^ rectangle 4'C, 

Multiply the length by the breadth, or perpendicular height, for the 
area required. 

Example, — Required the area of a rectangle, whose length is 9 feet, 
pnd breadth 4 feet. 

9 X 4 = 36 feet. TVvfe Tecvvi\t%di w^, ^^ ^vscrtaw^ 
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To find the area of a triangle, its base, and perpendicular height 

being given. 

Multiply the base by the perpendicular height, and half the product 
will be the area. 

Example. — Required the number of square yards contained in a 
triangle, whose base is 20 yards, and perpendicular height 14 yards. 

— - — = 140 square yards. Area required. 

To find the area of a triangle, whose three sides are given. 

From half the sum of the three sides, subtract each side severally ; 
multiply the half sum, and the three remainders together, and t^e 
square root of the product will be the area required. 

Example, — Required the area of a triangle, whose sides are 50, 40, 
nnd 30 feet. 

= 60, half the sum of the three sides. 

2 

60 - 30 = 30 First difference. 

60-40 = 20 Second difference. 

60 - 50 = 10 Third difference. 

30 X 20 X 10 X 60 = 360000. 

Square root of 360000 = 600. Area required. 

Two sides of a right-angled triangle being given, to find the third 

side, 

1. When the two sides forming the right angle are given, to find 
tlie hypothenuse, or side opposite the right angle. 

Take the square root of the sum of the two sides squared for the 
side required. 

Example, — Required the length of the interior slope of a rampart, 
whose perpendicular height is 17 feet, and the base of the slope 
20 feet. 

17X17 = 289 
20X20=400 



The square root of 689 = 26*24. The length required. 

2. When the hypothenuse, and one of the perpendicular sides are 
given. 

From the square of the hypothenuse, subtract the square of the 
given side, and the square root of the remainder will be the side 
required. 

Example, — The hypothenuse bemg 5 yards, and the base 4 yards, 
required the other side. 

5x5 = 25 
4x4=16 



The square root of 9 = 3 yaxds. 'S^e ia!^<^ x«q^^. 
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To find the area of a trapezium, A B C D, 

Draw the diagonal A C, upon which let fall from its opposite andes 
B, and D, the perpendiculars B F, D E. Find by measurement the 
diagonal A c» and the perpendiculars B F, D E, then multiply the sum 
of the perpendiculars by the diagonal, and half the product will be the 
area of the trapezium. — Fig, 18. 

Example. — Required the area of the trapezium, whose diagonal AC 
is 100 feet, and perpendiculars B F 30 feet, and D £ 40 feet. 

oU+40xl00 

= 3500 square feet. Area required. 

At 

Or, divide the trapezium into two triangles by a diagonal, then 6iid 
the areas of these triangles, and add them together. 

To find the area of a trapezoid, A B CD, 

Multiply the sum of the parallel sides ab, d c by the perpendicoUr 
distance £ c, and half the product will be the area. Fig, 19. 

Example, — Required the area of the trapezoid A B c D of which 
the parallel sides ab, D c are 120 feet, and 90 feet, and the perpen- 
dicular distance E c 40 feet. 



120+90x40 ^^^^ - ^ , 

= 4200 square feet. Area required. 

To find the area of an irregular figure ^ or polygtm. 

Draw diagonals dividing the figure into trapeziums, and triandei * 
then, having found the area of each, add them together, and tbt sbd 
will be the area required. 

To find the area of a figure, Turning a part bounded by a curv. 

Draw a right line joining the extremities of the curve, then find the 
area of the trapezium. On the right line let fall as many perpendicn- 
lars as the several windings of the curve may require. Find their 
lengths, and divide tlieir sum by the number of perpendiculars, sod 
the quotient will be the mean br^th ; which being multiplied by the 
length of the right line, will give the area of the curved pari. Thii 
area being added to that of the trapezium will give the area of tke 
required figure. 

To measure long irregular figures. 

Measure the breadth at both ends, and at several places at &mal 
distances. Add together all these intermediate breadths, and half the 
two extremes, which sum multiply by tlie length, and divide by tbt 
Dumber of parts for the area. If the perpendiculars, or breadths, be 
not at equal distances, cotov^Xa «\\ iVv* ^jarts separately, as so duuit 
tmpezoids, and add them a\\ to^\i»t W \Xx^ NiWi& ii««,. 
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Example. — ^The breadths of an irregular figure at five equidistant 
places being 8| 2, 7, 9, 4, and the whole length 40, required the ana. 

8+4 = 12 12+2 = 6 

6+2+7+9 = 24 

= 240. Area required. 

4 

To find the number of square acres in any of the preceding figures,* 

Divide the superficial content in feet by 43560 (or in yards by 
4840), and the quotient will be the number required. 

To bring square chains to acres. 

Of square chains strike off two decimal places to the right, and the 
rest of the figures will be acres. 

To bring square links to acres, roods, and perches. 

Of square links cut off five of the figures on the right hand, for 
lecimals, and the rest will be acres ; then multiply these decimals by 
i, for roods, cutting off five figures as before ; and the decimals of 
these again by 40, for perches, when five figures are again to be struck 
)ff. 

To find the area of a regular polygon. 

Multiply the perimeter (or sum of the sides) of the polygon by the 
perpendicular drawn from its centre on one of its sides, and take half 
he product for the area. 

Or, multiply the area of one of the triangles by the number of sides 
){ the polygon, and the product will be the area of it. 

Example, — Required, the area of a regular hexagon, whose side is 
10 feet, and the perpendicular 34*64 feet. 

40 X 6 = 240 the perimeter. 

240x34-64 ^_ . ^ r , k - ^ 
J = 4156*8 square feet. Area required. 



* Gtinter*s chain is in length 4 poles = 22 yards = 66 feet, and is divided 
ito 100 links. Each link is therefore ygj of a yard, or -^ of a foot, or 
'92 inches. Land is estimated in acres, roods, and perches. An acre contains 

square chains, or as much as 10 chains in length and 1 chain in breadth ; or 

1 yards it is 220 X 22 = 4840 ; or in poles it is 40 X 4 = 160 square poles ; or 
1 links it is 1000 X 100 = 100,000 square links. An acre is divided into 4 parts 
ailed roods, and a rood into 40 parts called perches, which are square poles, 
r the square of a pole of 5A yards long, or the square vi a quarter of a chain, 
r of 25 links, which is 625 llnKs. Thus the divisions of land measure are — 

625 square links = 1 pole, or p^pch. 
40 perches = 1 rood. 
4 roods = 1 acre, 

he length of lines, measured with a chain, should be set dowi\ Vxi Vcc^u^ «». 
itegers, instead of in chains, and dedmala. T\x<ei^Qt«, qSXat ^^m^ t^soNeoX >& 
»uud, it will be lo square Hnks. 
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To find the diameter, and circumference of any circle, the one from 

the other. 



Use either of the following proportions : 

as 7 is to 22 ^ f so is the diameter 

or as 1 is to 3 •1416 / 1 to the circumference. 



as 22 is to 7 \ ( so is the circumference 

or as 3* 1416 is to 1 / ( to the diameter. 

or, instead of dividing the diameter hy 3-1416, multiply it by '3183, 
for the circumference, 

Example 1. — Required, the circumference of a circle, whose diameter 
is 20 feet. 

As 7 : 22 : : 20 : 62*857 feet. Circumference required. 

Example 2. — Required, the diameter of a circle, whose circum- 
ference is 36 inches. 

As 22 : 7 :: 36 : 11*45 inches. Diameter required. 

To find the diameter of a circle, the area being given. 

Divide the area by "7854, and the square root of the quotient will 
be the diameter required. 

Example, — Required, the diameter of a circle, whose area is 176*715 
square feet. 

176-715 -&- 7854= 225. 

Square root of 225 = 15 feet. Diameter i-equired. 

To find the area of a circle. 

1. Multiply half the circumference by half the diameter, or mnltiplT 
the whole circumference by. the whole diameter, and take j^ of tlie 
product. 

2. Or, square the diameter, and multiply that square by •7854fcf 
the area. 

3. Or, square the circumference, and multiply that square br 
•7958. 

Example 1. — Required the area of a circle, whose circumference i» 
55*548 inches, and its diameter 18 inches. 

■ = 27*774 half circumference. 

2 

18 

— =9 half diameter. 
2 

27 • 774 X 9 = 249 • 966, square inches. Area requind. 
Example 2. — Required the area of a circle whose diameter is 12 ftet 
12 X 12 = 144, w]^"M^ ^^ \3ckft ^««vet«t, 
•7854 X 144 = U^'Q^l^ ^^w^i^V., ^cc«^x«)j&sd. 



I 
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Example 3. — Required the area of a circle, whose circamierence is 
22 feet. 

22 X 22 = 484. 
484 X -07958 = 38*51672 square feet. Area required. 

To find the area of a circular ringy 

or space included between the circumferences of two circles, the one 
within the other. 

1. Subtract the square of the less diameter from the square of the 
greater, and multiply their diflference by '7854. 

2. Or, find the area of each circle separately, and subtract one from 
the other, for the area required. 

3. Or, multiply the sum of the diameters by the difference of the 
same, and that product by '7854 for the area. 

Example. — Required the area of a ring, the diameters of whose 
bounding circles are 10, and 20. 

By Rule 3. # 

20 + 10 = 30, sum of diameters. 

20 — 10 = 10, difference of diameters. 

30 X 10 X '7854 = 235 •62. The area. 

To find the length of any arc of a circle, 

1. As 360° is to the number of degrees in the arc, so is the circum- 
'erence to the length of the arc. 

2. Or, multiply the degrees in the given arc by the radius of the 
drcle, and the product by '01745 for the length of the arc. 

Example, — Rule 2. — Required the length of an arc of 30^, the 
iidius being 9 feet. 

30 X 9 X '01745 = 4-7115. Length of arc 

To find the area of the sector of a circle. 

Multiply the radius by the arc, and half the product will be the 
i*ea. 

Example. — Required the area of the sector, whose radius is 30 
iches, and the length of the ai-c 36 - 6 inches. 

36-6 X 30 ^,^ . , . . , 
— = 549 square inches. Area required. 

To find the area of the segment of a circle. 

Find the area of the sector, by the preceding rule. Then find the 
rea of the triangle formed by the chord of the begment, and the radii 
f the sector. Then, if the segment be less than a semicircle, subtract 
le area of the triangle from it ; or, if the segment be greater iVvssv -». 
imicircle, add the area of the tiiangle to '\\.-, iot >i^«i ^x'i^ ^^ '^'a^ 
^ment. 



322 MENSURATION OF S0IJD8* [PABTIT. 

Example, — Required the area of a s^meyt leas tlian a aemidrd^ 
the radius being 20 inches, the chord 22 •42 inches, the length «f the 
arc 24-43 inches, and the perpendicular 16*56 inches* 

24*43 X 20 ... ^ . , . ^ ^ ^ 

= 244*3 square inches. Area of the aector. 

2 

22-42 X 16-56 ^ ^ ^^^ f^ua^in^ej. 

2 \ Area of the tiiangle. 

244-3 - 185-6376 = 58-6624 / ^^*" indies. 

I Area required. 

To find the area of a semicircle, 

1. Multiply i of the circumference by the radius^ and the product 
will be the area. 

2. Or, multiply the square of the diameter by •7854, and half tk 
product will be the area. 

Example, — Rule 2. — Required the area of a semicircle, the diaactff 
being 50 inches. 

502C^2L:7854 _ r square inches. 

2 ^^^ ^^ I Area required. 

To find the area of an eUipeiSj or ooaf. 

Multiply the longest diameter, or axis, by the shortest, then multnlj 
the product by • 7854 for the area. 

Example, — Required the area of the ellipse, whose diameters fit 

25 inches, and 18 inches. 

25 X 18 X -7854 = 353*43 square inches. Area requini 

To find the area of a parabola, or Us segment. 

Multiply the base by the perpendicular height, and take two-thirdi 
of the product for the area. 

Example, — Required the area of a parabola, whose base is 20 ftet, 
and height 12 feet. 

20 X 12 = 240 

} of 240 = 160 square feet» Area required. 

MENSURATION OF SOUDS. 

A solid is a body containing length, breadth, and thickness. 

Solids are measured by cubes, whose sides are each an inch a foot, 
a yard, &c., and the solidity, capacity, or content of any ^nre ii 
computed by the number of such cubes as are contained In it^— 
Vide Cubic Measure, page 282. 

A cube is a solid conlainQi \)^ n:i «^^aA\ %(^«x^ laAsa. 

A pyramid is a soM wYiqim n!\«a «x« «2^.\3raxi^«ki&s(!«^^Q^\M^i^ 
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in a point, the base being any plane figure whatever. It is called a 
triangular pyramid when its base is a triangle ; a square pyramid when 
its base is a square, &c. 

The segment of a pyramid, cone, or any other solid is a part of 
D E F G cut off from the top by a plane D e F, parallel to the base 
A B c. — Vide Fig, 21, Plate 2, HeightSi Distances, and Practical 
Geometry. 

A fnistrum, or trunk, is a part, A B C D E F, that remains at the 
bottom after the segment is cut off. 

A cone is a round pyramid, of which the base is a circle. 

The axis of a solid is a line from the vertex (or point) to the centre 
of the base, or through the centres of the two ends. When the axis is 
perpendicular to the base, it is a right prism, pyramid, or cone ; other- 
wise it is oblique. 

A sphere is a solid contained under one convex surface, and is 
described by the revolution of a semicircle about its diameter, which 
remains fixed. 

The centre of the s^^iere is such a point within the solid as is every- 
where equally distant from the convex surface, or circumference of it. 

The diameter (or axis) of a sphere is a stra^ht line, which passes 
through the centre, and is terminated by the convex surface. 

A segment of a sphere is a part cut off by a plane, the section of 
which is always a circle, called the hose of the segment, 

A sector of a sphere is that which is composed of a segment (less 
than a hemisphere) and of a cone. 

A prism is a solid, the sides of which are parallelograms, having its 
ends equal, and similar plane figures. 

Prisms are named according to the number of angles in the base. 

A cylinder is a solid, the two ends of which are circular ; and it is 
described, or formed, by the revolution of a right-angled paxtdlelogram 
about one of its sides, which remains fixed. 

To find the superficies of a prism, or cylinder. 

Multiply the perimeter of one end of the prism b^ the length, 
)r height of the solid, and the product will be the surfece of ail its 
$ides. To which add also tiie area of the two ends of the prism, when 
'equired. 

Or, compute the areas of all the sides, and ends ^arately, and add 
,hem all together. 

Example, — Required the sorfiice of a cube, whose sides are each 
> inches. 

5 + •*> + 5 -t- 5 = 20, perimeter of one end. 

20 X 5 = 100, surface of sides. 

5x5 = 25, area of one end. 

100 -{- 25 -{- 25 = 150 square inches. Surface of cube. 

To find the surface of a pyramid^ w cone, 
Multip]/ the perimeter o£ the base by ^^ ^ian\.\kfc\^^» ^xVsv^g^si. ^^ 
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the side, and half the product will be the siu*face of the lidei; to 
which add the area of the base when required. 

Example, — Required the upright surface of a triangular pynmidi 
the slant height being 20 feet, and each side of the base 3 feet. 

3 + 3 + 3 = 9, perimeter of base. 
' — - — = 90 feet Surface required. 

To find the surface of the f rostrum of a pyramid, or cone. 

Add together the perimeters of the two ends, naultiply their sum 1 ^ 
the slant height, and take half the product. 

Example. — How many square feet are in the surface of the frnstrnin 
of a square pyramid, whose slant height is 10 feet, each side of tbe 
base 3 feet, and each side of the less end 2 feet, 

3 + 3 + 3 + 3=12, perimeter of base. 
2 + 2 + 2 + 2 = 8, perimeter of less end. 

12 4- 8 X 10 
=100 feet. Surface required. 

To find the solid content of a prism, or cylinder. 

Find the area of the base, or end, and multiply it by the length of 
the prism, or cylinder. For a cube, multiply its side twice by itself: 
and for a parallelopipedon, multiply the length, breadth, and depth 
together for the content. 

Example. — Required the solid content of a cube, whose side i* 
24 inches. 

24 X 24 X 24 = 13824 square inches. Content required. 

To find the content of tfie solid part of a hollow cylinder. 

From the content of the whole cylinder considered as a solhi, 
subtract the content of the hollow part, also considered as a solid, aoJ 
the difference will be the solidity required. 

Example. — Requii-ed the content of the solid part of the hoQoir 
cylinder whose exterior diameter is 12 inches, the interior diametrr 
8 inches, and height 20 inches. 

12 X 12 X •7854 = 113-0976, area of base of cylinder 
113*0976 X 20 = 2261-952, solidity of whole cylinder' 
8 X 8 X '7854 = 50*2656. area of base of hollow cylinder 
50 '2656 X 20 = 1005-312, content of hollow part.' 
2261-952- 1005-312 = 1256 '64 cubic inches. Solidity wqmmi. 

To find the solidity of the frustrum of a cylinder ' 

Multiply the area ot tVv* Vjusft Xi^ >m\1 ^^ ^c«^V«ht, aud the leo^t 
lengths, and tbe product vjVW\» x\» wiVv^xVj. 



PART XV.] MENSURATION OF SOUDS. 325 

Example, — Required the solidity of a frustrum, whose diameter is 
24 inches, the greatest length 36 inches, and the least length 
20 inches. 

24 X 24 = 676. Square of the diameter. 
576 X '7854 = 452*3904. Area of the base. 

452.3904 X '±^ = 12666-9312 { i^^^""^^. 

To find the content of a pyramid, or cone. 

Find the area of the base, and multiply that area by the perpen- 
dicular height, and take J of the product. 

Example. — Required the solidity of a square pyramid, each side of 
its base being 30, and its perpendicular height 25. 

30 X 30 = 900, area of base. 

900 X 25 

■ = 7500, Solidity required. 

To find the solidity of the frustrum of a cone, or pyramid. 

Add into one sum the areas of the two ends, and the mean propor- 
tional between them : take J of that sum for the mean area, which 
multiply by the perpendicular height, or length of the frustrum. 

Note. — To find a mean proportional. 

As one of the sides of the base is to the homologous, or correspond- 
ing side of the other end, so is the area of the base to the mean pro* 
portional required. 

Example, — Required the number of solid feet in a piece of timber, 
whose bases are squares, each side of the greater end being 15 inches, 
and each side of the less end 6 inches ; also the length of the perpen- 
dicular altitude 24 feet. 

15 X 15 = 225, area of the base. 
6 X 6 = 36, area of the top. 
As 15 : 6 : : 225 : 90, mean proportional. 
24 feet = 288 inches. 



225 + 36 + 90 X 288 
= 33696 cubic inches = 19 J cubic feet. 

To find the surface of a sphere, or any segment. 

Multiply the circumference of the sphere by its diameter, which 
will giv^e the whole surface. 
Or, square the diameter, and multiply by 3 • 1416. 
Or, square the circumference, and multiply by '3183 ; 

or divide by 3*1416. 

Note. — For the surface of the segment, or Jruatruia, \si\s^>iv«^ "^'fe 
whole circumference of the sphere \ys the \\fc\^\\, 9>^ VJaa ^^\\. \^<^xtt'A., 
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Example, — Required the superficies of a globe whose ^junv^'* is 
24 inches. 

24 X 24 X 3*1416 = 1809*5616 square inches. 

To find the solidity of a sphere, or globe, 

1. Multiply the surface by the diameter, and take { of the product. 
Or, multiply the square of the diameter by the drcumferenoe, aod 

take } of the product. 

2. Cube the- diameter, and multiply by • 5236. 

3. Cube the circumference, and multiply by • 01688. 

Example, — Required the content of a sphere, whose axis is 12. 
12 X 12 X 12 X '5236 = 904' 7808. Content required. 

To find the solidity of a hemisphere. 

Find the solidity of the sphere, and half the content will be thst of 
the hemisphere. 

Note 1. — Any sphere, or globe twice the diameter of another con- 
tains /otir times the superficies, or area of the other, and e^ht times the 
solid content. Hence the superficies of spheres are as the sqmureB, and 
the solidity as the cubes of their diameters. 

Note 2. — ^The cube of the diameter of a sphere in inches, multiplied 
by '00188, will give the number o( imperial gallons it toill contooi. 

To find the solid content of a spherical segment, 

1, From three times the diameter of the sphere, take donUe tk 
height of the segment ; then multiply the remainder hy the square of 
the height, and this product by • 6236. 

2. Or, to three times the square of the radius of the s^mentTs \mt 
add the square of its height ; then multiply the sum by the height, 
and the product by *5236. 

Example, — Required the content of a spherical segment 2 feet is 
height, cut from a sphere of 8 feet diameter. 

(3 X 8) - (2 X 2) = 20 

20 X 2* X '5236 = 41*888 cubic feet. Content required. 

To find the diameter of a sphere^ its solidity being gvoem. 

Divide the solidity by • 5236, and take the cube root of the qootioit 

Example. — The solidity of a sphere being 113*0976 solid inotek 
what will be its diameter? 

.— = 216, ^e cc^bft xoQi of which is 6 inches, the diamcttf 

*5236 

ivquirad. 
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To find the weight of an iron shotj its diameter being given. 

Take } of the cube of the diameter, and } of that eighth, and the 
sum of these two quotients will be the weight in pounds. 
Or, as 64 is to 9 lb., so is the diameter cubed to its weight. 

Example. — ^Required the weight of an iron shot whose diameter is 
3*5 inches? 



3*5 cubed = 42*875, cube of diameter. 

42-875 ^ „,^ 
= 6*359 



6*359 



= '669 



8 8 

6'359 + *669 = 6*028 pounds. Weight required. 

To find the weight of a leaden ball, its diameter being given. 

Take I of the' cube of the diameter, and from it subtract J of this 
third, and the remainder will be the weight, nearly. 
Or, take -j^ of the cube of the diameter. 

Example. — What is the weight of a leaden ball whose diameter b 
3*3 inches? 

3*3 cubed = 35*937, cube of diameter. 



35*937 



= 11*979 



11*979 



= 3*993 



3 ": ■ ' 3 

11 • 979 — 3 • 993 = 7 * 986 pounds. Weight required. 

To find the diameter of an iron shot, its weight being given. 

Multiply the cube root of the shot's weight by 1*923 for the 
diameter. 

f **? 

eo o 

To find the diameter of a leaden ball, its weight being given. 

To 4 times the weight add half the weight, and -^ of half the 
weight ; and the cube root of this sum will be the diameter in inches, 
nearly. 

Example, — ^What is the diameter of a leaden ball, whose weight is 
8 pounds? 

8X4=32 1 = 4 Tfeo^*='12. 

32+4+*12 = 36'12, of which the cube root\& ^•^ Vo^'ja^^'MKev'^, 
diameter required. 



Pr. 


Cube root. 


42 


3-4760, &c. 


32 


3-1748 


24 


2*8844 


18 


2-6207 


12 


2-2894 


9 


2-0800 


6 


1-8171 


3 


1-4422 



Diameter. 


6-684, 


&c. 


6-103 




5*545 




5-038 




4-401 




3-999 




3-494 


ff 


2-772 


>» 
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To find the weight of an iron shell, its interior, and exterior diamder 

being given. 

Take ^| of the difference of the cubes of the externa], and intoml 
diameters, for the weight of the shell in pounds. 

Example. — What is the weight of a shell whose exterior diameter 
is 12'85 inches, and interior diameter 8*75 inches ? 

12-85 cabed = 2121-8241i 8-75 cubed = 669-9218. 

2121*8241 - 669*9218 = 1451*9022. 

^ of 1451*9022 = 204*1737 pounds. Weight required. 

To find the quantity ofpotoder a shell will contain. 

Divide the cube of the interior diametei' in inches bj 57*3, and the 
quotient will be the weight in pounds. 

Or, multiply the cube of the diameter by 11, and divide by 21 for 
the quantity in half ounces. 

Example. — How much powder will fill a shell, whose internl 
diameter is 7 inches ? 

7 cubed = 343. 

343 

—-- = 6 pounds nearly. Powder required. 

o7*o 

To find the side of a cubical box to contain a given quantity cf 

powder.* 

Multiply the weight in pounds by 30, and the cube root of the i«0' 
duct will be the side of the box in inches. 

Example, — Required the side of a cubical box to hold 50 pounds d 
powder ? 

50 X 30 = 1500, the cube root of which is 11*44, which will be the 
side of the box in inches. 

To find the quantity of powder to fill the chamber of a mortar, or 

howitzer. 

Multiply the content of the chamber in inches by 55, and divide 
the product by 1728, and the quotient will be the quantity of powder 
in pounds. 

Note, — The chamber of a mortar, or howitzer, is formed of a hoDov 
fnistrum of a right cone, and of a hollow hemisphere. 

Example, — Required the quantity of powder to fill the chamber of 
a IS-indi mortar in which the diameter a B is 9*5 inches the 



* 67*3 is the number of pounds of powder contained In a cubic Ibot. _ 
jhaken ; and 55 pounds YrYveu not Tikx«a&.«ck. k«»csc<Ux«i^ to the fint cMa o« 
pound of powder wlU occnpy ^^ cu\>ViSiic\v%%\«sA wxaT^iissii^v^iQt^^^^ 
one pound will occupy d\' 4\d% cxiibVc \x»^eA« 
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C E 6*5 inches, and the length D G 21*5 inches. Vide Fig, 22. Plate 2. 
Heights and Distances, and Practical Geometry. 

The content of the chamher must he found hy finding the content of 
the hollow frustrum of the cone, and that of the hemisphere (vide 
preceding rules) : which in this example will he 999*9741875. 

^, 999-9741875x55 „, 

Then — -— =31 pounds, nearly. 

To find the quantity of powder to fill a rectangular box. 

Divide the content (viz., length xhreadthx depth) of the hox in 
inches hj 30 for the pounds of powder. 

Example. — How much powder will fill a box, the length being 
15 inches, the breadth 12, and the depth 10 inches ? 

15X12X10 1800 ^^ ^ XT . 

— = -—--=60 pounds. Number requured. 

To find the quantity of powder to fill a cylinder. 

Multiply the square of the diameter by the length, then divide by 
38*2 for the pounds of powder. 

Example, •'—^ow much powder will the cylinder contain, whose 
diameter is 10 inches, and length 20 inches ? 

^^ — = 52 J pounds, nearly. 

To find the size of a shell, to contain a given weight of pofwder. 

Multiply the pounds of powder by 57*3, and the cube root of the 
product will be the diameter in inches. 

Example. — Required the diameter of a shell to contain 6 lb. of 
powder ? 

6 X 57*3 = 343*8, the cube root of which is 7, the diameter required, 
n inches. 

To find what length of a cylinder {or bore of a gun) will be filled by a 

given weight ofpoioder. 

Multiply the weight in pounds by 38*2, and divide the product by 
iie square of the diameter in inches, for the length. 

Example. — ^What length of a cvlinder 8 inches in diameter will be 
aied with 20 lb. of powder ? 

20x38-2 

— y^ = ll|Jmches. 

To find the content, and weight of a piece of ordnance. 
Divide the length of the gun into as laatk^ %^\K«ii% «& xblwj >«. ^^'ssA. 
ecessary. Find thQ content of each ^y precedi-ivg t-uk^ «si5s. '«.^^fi»' 
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their sum subtract the content of a cylinder, whose length is equal to 
that of the bore, and its diameter equal to that of the calibre of the 
piece ; multiply the difference (if it be a brass gnn) by 5*0833, (if an 
iron gun) by 4' 29 68, and the product will be £e weight in ounces. 

Notel — ^A cubic inch of gun metal weighs 5*0833 onnoes. 
Ditto of cast iron 4*2968 oonoes. 

To find the content of a cask. 

Multiply half the sum of the areas of the two interior ciides, Tiz. 
at the head, and bung, by the interior length, for the content. 

Or, to the area of Sbe head add twice the area at the bung, multiply 
that sum by the length, and take one-third of the prodact. 

Example, — Required the content of a cask, its greatest interior 
diameter being 24 inches, its least interior diameter 20 inches, and the 
interior length 30 inches. 

24 X 24 X -7854 =452*3904, area of large circle. 
20 X 20 X '7854 = 314*1600, area of small circle. 

452-3904+314-1600 ^^^ „^^„ ^ ,. 

^ =383*2752, half sum. 

2 

Then 383*2752 x 30 = 1 1498*256, the content ; which being divided 
by 27 7}^ (the number of cubic inches in a gallon) will give the number 
of gallons contained in the cask. 

11498*256 ,, ,„^^ . XT . i. „ 
Thus =41*4725, &c. ^umber of gallons required. 

Note, — The content of any vessel in cubic feet, multiplied by 6*233 
(or if in inches by *003607) will give the number of imperial gaUon 
it mil contain, 

EPITOME OF MENSURATION. 

OF THE CIRCLE, CYLINDER, SPHERE, ETC. 

1. The circle contains a greater area than any other plane figure^ 
bounded by an equal perimeter, or outline. 

2. The areas of circles are to each other as the squares of tkir 
diameters ; any circle twice the diameter of another contains ftv 
times the area of the other. 

3. The diameter of a circle being 1, its circumference eqoala 3*141^. 

4. The diameter of a circle is equal to *31831 of its circumferenoBi 

5. The square of the diameter of a circle being 1, its area eqiali 
•7854. 

6. The square root of the area of a circle, multiplied by l*128S7i 
equals its diameter. 

7. The diameter ot a dtd^, imxlU^Ued by '8862, or the dxtin- 
ferance multipUed \>Y '^^'^^^ ^^'^ ^'^ ''^ ^^ ^ ^«^iare of eqal 
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8. The sum of the squares of half the chord, and versed sine, di.yijled 
by the versed sine, the quotient equals the diameter of the correspond- 
ing circle. 

9. The chord of the whole arc of a circle taken from eight times 
the chord of half the arc, one-third of the remainder equals the lengtii 
of the arc. 

10. Or, the number of d^rees contained in the arc of a circle, mul- 
tiplied by the diameter of the circle, and by '008727, the product 
equals the length of the arc in equal terms of unity. 

11. The length of the arc of ^e sector of a circle multiplied by its 
radius, half the product is the area. 

12. The area of the s^ment of a circle equals the area of the sector, 
minus the area of a triangle whose vertex is the centre, and base equals 
the chord of the segment. 

13. The sum oi the diameters of two concentric circles multiplied 
by their difference, and by *7854, equals the area of the ring, or space 
contained between them. 

14. The sum of the thickness, and internal diameter of a cylindric 
ring multiplied by the square of its thickness, and by 2*4674, equals 
its solidity. 

15. The circumference of a cylinder multiplied by its length, or 
height, equals its convex surface. 

16. The area of the end of a cylinder multiplied by its length, equals 
its solid content. 

17. The area of the internal diameter of a cylinder multiplied by 
Its depth, equals its cubical capacity, 

18. The square of the diameter of a cylinder multiplied by its 
length, and divided by any other required length, the square root of 
the quotient equals the diameter of the other cylinder of equal solidity, 
>r capacity. 

19. The square of the diameter of a sphere multiplied by 3*1416 
squals its convex surface. 

20. The cube of the diameter of a sphere multiplied by *5236, 
iquals it« solid content. 

21. The height of any spherical s^ment, or zone, multiplied by 
ihe diameter of the sphere, of which it is a part, and by 3*1416, equals 
he area, or convex surface of the segment ; 

22. Or, the height of the segment multiplied by the circumference 
>f the sphere of which it is a part, equals the area. 

23. The solidity of any spherical s^;ment is equal to three times the 
quare of the radius of its base, plus the square of its height, and mul- 
iplied by its height, and by *5236. 

24. The solidity of a spherical zone equals the sum of the squares 
if the radii of its two ends, and one-third the square of its height, 
naltiplied by the height, and by 1*5708. 

25. The solidity of the middle zone of a sphere equals the sum of 
he square of either end, and two-thirds the square o€ \kv% \v€v^gpx^ 
aultiplied by the height, and by '7854. 
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26. The capacity of a cylinder 1 foot in diameter^ and 1 foot in 
length, equals 4*895 imperial gallons. 

27. The capacity of a cylinder 1 inch in diameter, and 1 foot in 
length, equals '034 of an imperial gallon. 

28. The capacity of a cylinder 1 inch in diameter, and 1 inch in 
length, equals '002832 of an imperial gallon. 

29. The capacity of a sphere 1 foot in diameter^ eqnals 3'263 im- 
perial gallons. 

30. The capacity of a sphere 1 inch in diameter, equals '001888 of 
an imperial gallon. 

31. Hence the capacity of any other cylinder in imperial gallons is 
obtained by multiplying the square of its diameter by its length; or 
the capacity of any other sphere by the cube of its diameter, and bf 
the number of imperial gallons contained as above in the mnij of its 
measurement. 

OP THE SQUARE, RECTANGLE, CUBE, ETC. 

1. The side of a square equals the square root of its area. 

2. The area of a square equals the square of one of its sides. 

3. The diagonal of a square equals the square root of twice the 
square of its side. 

4. The side of a square is equal to the square root of half the square 
of its diagonal. 

5. The side of a square, equal to the diagonal of a given square, 
contains double the area of the given square. 

6. The area of a rectangle equals its length multiplied by its 
breadth. 

7. The length of a rectangle equals the area divided by the breadth; 
or the breadth equals the area divided by the length. 

8. The side, or end of a rectangle, equals the square root of the 
sum of the diagonal, and opposite side to that required, multiplied hf 
their difference. 

9. The diagonal in a rectangle equals the square root of the sum of 
the squares of the base, and perpendicular. 

10. The solidity of a cube equals the area of one of its ad» 
multiplied by the length of one of its edges. 

11. The edge of a cube equals the cube root of its solidity. 

12. The capacity of a 12-inch cube equals 6*232 gallons. 



Surfaces^ and Soiidities of the regular bodies, token the linear edge u 1. 



No. of Sides. 




/ 



4 
6 
8 

12 
20 



\ 



Tetrahedron 
Hexahedron 
Octahedron . 
DodecoSbiedxoTi 
Ico8ahe^oii« 
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The tabular surface multiplied by the square of the linear edge, the 
product equals the surface required : 

Or, the tabular solidity, multiplied by the cube of the linear edge, 
the product is the solidity required. 

OP TRIANGLES, POLTGONS, ETC. 

1. The complement of an angle is its defect from a right angle. 

2. The supplement of an angle is its defect from two right angles. 

3. The sine, tangent, and secant of an angle, are the cosine, cotan- 
gent and cosecant of the complement of that angle. 

4. The hypothenuse of a right-angled triangle being made radii, its 
sides become the sines of the opposite angles, or the cosines of the 
adjacent angles. 

5. The three angles of every triangle are equal to two right angles ; 
hence the oblique angles of a right-angled triangle are each other's 
complements. 

6. The sum of the squares of the two given sides of a right-angled 
triangle is equal to the square of the hypothenuse. 

7. The difference betweeen the square of the hypothenuse, and given 
side of a right-angled triangle is equal to the square of the required 
side. 

8. The area of a triangle equals half the product of the base multi- 
plied by the perpendicular height ; 

9. Or, the area of a triangle equals half the product of the two 
sides, and the natural sine of the contained angle. 

10. The side of any regular polygon multiplied by its apothem, or 
perpendicular, and by the number of its sides, half the product is the 



sirea. 



Table of the Areas of regular polygons whose sides are unity. 



Name 
of 


No. 
of 


Apothem, 
or 


Area, 
when side is 


Interior 
angle. 


Central 
angle. 


polygon. 


sides. 


perpendicular. 


one or unity. 


Triangle . 


3 


0-2886751 


0-4330127 


O 1 

60 


O f 

120 


Square 


4 


0-5 


1- 


90 


90 


Pentagon . 


5 


0-6881910 


1-7204774 


108 


72 


Hexagon . 


6 


0*8660254 


2-5980762 


120 


60 


Heptagon. 


7 


1-0382607 


3-6339124 


128 S^ 


51 253 


Octagon . 


8 


1-2071068 


4-8284271 


135 


45 


Nonagon . 


9 


1-3737387 


6-1818242 


140 


40 


Decagon . 


10 


1-5388418 


7-6942088 


144 


36 


Undecagon 


11 


1-7028436 


9-3656399 


147 16 * 


32 43^ 


Dodecagon 


12 


1-8660254 


11-1961524 


150 


30 



The tabular area of the corresponding polygon multi^lvsii Vs^j '^'ss. 
juare of the side of the given polygon, ftc\]a2is. \\\^ «x^^ vil \isift. ^'e^ 
>lygon. 



334 EHTOME OF MENSURATION. [PARTIV. 

OF ELLIPSES, CONES, FBUBTBUHSy BTC. 

1. The square root of half the sum of the squares of the ti« 
diameters of an ellipse multiplied by 3'1416 equals its drcam- 
ference. 

2. The product of the two axes of an ellipse multiplied br "TSM 
equals its area. 

S. The curve surface of a cone is equal to half the product of thf 
circumference of its base multiplied by its slant side to whidi, if tk 
area of the base be added, the sum is the whole surface. 

4. The solidity of a cone equals one-third of the product of its liM 
multiplied by its altitude, or height. 

5. The squares of the diameters of the two ends of the frustmm rf 
a cone added to the product of the two diameters, and that sum nul- 
tiplied by its height, and by '2618, equals its solidity. 



\ 
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PART XVL 
TRIGONOMETRY. 

Plane trigonometry treats of the relational and calculations of the 
sides, and angles of plane triangles. 

The measure of an angle is an arc of anj circle contained between 
the two lines which form that angle, the angular point being the 
oentre ; and it is estimated by the number of degrees contained in that 
arc Hence a right angle being measured by a quadrant, or quarter 
of a circle, is an angle of 90 degrees. The sum of the three angles of 
every triangle is equal to 180 degrees, or two right angles ; therefore, 
in a right-angled triangle, taking one of the acute angles from 
90 degrees, leaves the other acute angle ; and the sum of the two 
angles in any triangle, taken from 180 degrees, leaves the third angle; 
or one angle being taken from 180 degrees leaves the sum of the other 
two angles. 

Definitions, 

The Sine of an arc is the line drawn from one extremity of the arc 
perpendicular to the diameter of the circle which passes through the 
oiher extremity. 

The Versed sine of an arc is the part of the diameter intercepted 
between the arc, and its sine. 

The Supplement of an arc is the difference, in degrees, between the 
irc, and a semicircle, or 180 degrees. 

The Complement of an arc is the difference, in degrees, between the 
irc, and a quadrant, or 90 degrees. 

The Tangent of an arc is a line touching the drde in one extremity 
vf that arc, continued from thence to meet a line drawn from the 
ientre through the other extremity; which last line is called the 
^ant of the same arc. 

The Cosine, Cotangent, and Cosecant of an arc are the sine, tangent, 
ind secant of the complement of that arc, the Co being only a contrao- 
lon of the word complement. 

The sine, tangent, or secant of an angle is the sine, tangent, or 
ecant of the arc by which the angle is measured, or of the degrees, 
ic, in the same arc, or angle. Vide also Definitions, Practical 
lEOUETRY, page 311. 

There are tux> Methods of resolving triangles, or the cases of trigo- 

ometry — viz.. Construction, and Computation, 
1st method, — The triangle is constructed by making the sides from 
scale of equal parts, and laying down the angles from the protractor. 

'hen, by measuring the unknown parts by the same scale^ the solaUonk 

ill be obtained. 
2nd method. — Having stated the terms of t\vft -^TG^wa.Hxtt^, x^s«Jcs^ 
like any other proportion, in which a foxxtlVi \fcrni Va \ft V*^ \wyw- 
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from three given terms, by multiplying the second and third terms 
together, and dividing the product by the first. 

Note, — Every triangle has six parts — viz., three sides, and thi-ee 
angles ; and, in every case in trigonometry, there must be given three 
of these parts to find the other three. Also of the three parts that 
are given, one of them at least must be a side ; because, with the same 
angles, the sides may be greater, or less, in any proportion. 

Computation, 

Case 1. — When a side and its opposite angle are two of the given 
parts. 

The sides of any triangle having the same proportion to each other, 
as the sines of their opposite angles ; then — 

As any one side, is to the sine of its opposite angle ; so is any other 
side, to the sine of its opposite angle. 

To find an angle, begin the proportion with a side, opposite to a 
given angle; and, to find a side, begin with an angle opposite to a 
given side. 

Ca^e 2. — When two sides, and their contained angle, are given. 
As the sum of the two sides, i$ to the difference of the sides ; so is 
the tangent of half the sura of their opposite angles, to the tangent of 
half the difference of the same angles. Then by adding half the sum 
to half the difference the greater angle will be ascertained ; and bv 
subtracting half the difference from the half sum the lesser angle will 
be determined. All the angles being consequently known, the side 
required will be found, as in Case 1. 

Case 3. — When the three sides of a triaangle are given, to find the 
angles. 

Let fall a perpendicular from the greatest angle, on the opposite 
side, or base, dividing it into two segments ; and the whole ti'iangle 
into two right-angled triangles : then the proportion will be — 

As the base, or sum of the segments, is to the sum of the other two 
sides ; so is the difference of those sides, to the difference of the s^- 
ments of the bases : then add half the difference of the segments to the 
half sum, or the half base, for the greater segment ; and subti^ct the 
same for the less segment. Hence, in each of the two right-angled 
triangles, there will be known two sides, and the right angle opposite to 
one of them, consequently the other angle will be found by the method 
in Case 1. 

Case 4. — When in a right-angled triangle, one side and the angles 
are given, to find the other side, or the hypothenuse. 

As radius (».e.,sine of 90*^, or tangent of 45^), is to the given side • 
so is the tangent of its adjacent angle to the other side : and so is the 
secant of the same angle to the hypothenuse. 

USEFUL THEOREMS, AND C0R0LLABIE8. 

1. When one line meets a\io\5^er, ^3afe Mi'ig^%&, ^VvSciVtxcvaJift^ oo^ the 
same side of the other, are te^ftO:vw w^vjalk. \.q Vwq yv^\. «aj^*a^ 
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2. All the angles, which can be made at any point (by any number 
of lines), on the same side of a right line, are, when taken all together, - 
equal to two right angles : and, as all the angles that can be made, on 
the other side of the line, are also equal to two right angles ; therefore 
all the angles that can be made quite round a point, by any number 
of lines, are equal to four right angles. Hence also the whole circum- 
ference of a circle, being the sum of all the angles that can be made, 
about the centre, is the measure of four right angles. 

3. When two lines intersect each other, the opposite angles are 
equal. 

4. When one side of a triangle is produced, or extended, the out* 
ward angle is equal to the sum of the two inward oj^posite angles. 

5. In any triangle, the sum of all the three angles is equsd to two 
right angles (180°). Hence, if one angle of a triangle be a right 
angle, the sum of the other two angles will be equal to a right angle, 
(90O). 

6. In any quadrilateral, the sum of all the four inward angles is 
equal to four right angles. 

7. In any right-angled triangle, the square of the hypothenuse (or 
side opposite to the right angle) is equal to the sum of the squares of 
the other two sides. Therefore, to find the hypothenuse, add together 
the squares of the other two sides, smd extract the squai^ root of that 
sum : and to find one of the other sides, subtract from the square of 
the hypothenuse the square of the other given side, and extract the 
square root of the remainder for the side required. 

8. cosine = v (1 — sin.^) 

9. sine -*■ cosine = tangent. 

10. cosine -5- sine = cotangent. 

11. sin.' + COS.* = rad.2 

12. rad.2 + tan.2 = secant.3 

13. 1 -f- tan. = cotangent. 

14. 1 -T- cotan. = tangent. 

15. 1 -r- sine = cosecant. 

16. 1 -f- cosine = secant. 

17. 1 -5- cosecant = sine. 

18. 1 4- secant = cosine. 

19. rad. — cosine = versed sine. 

Thus, we may, instead of dividing by a sine, multiply by the 
cosecant ; instead of dividing by a tangent, multiply by the cotangent 
of the same arc ; and so o? others. 

BIGHT-ANGLED TRIANGLES. 

1. (hypoth.)* = base* + perp,2 

2. base* = (hypoth. + perp.) X (hypoth. — perp.) 

3. perp.2 = (hypoth. + base) X (hypoth. — base.) 

4. perp. = base X tan. angle at l^Lse. 

5. hyp. = base X sec. angle at \)aae« 
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6. perp, -I- base = tan. angle at base. 

7. base -I- perp. = tan. angle at vertex. 

8. bypoth. -+• base = sec. angle at base. 

9. hjrpoth. -+• perp. = sec. angle at vertex. 

10. base -I- bypoth. = cosine angle at base. 

11. perp. -I- bypoth. = sine angle at base. 

TRIQONOMETBY, WITHOUT LOGARITHMS.* 

** In all the more elaborate, and refined operations of tngonometry, 
it is not only desirable, bat necessary to employ some of the larger 
logarithmic tables, both to save time, and to ensure the requisite 
accuracy in the results. But in the more ordinary operations, as in 
those of common surveying, ascertaining inaccessible heights, and 
distances, reconnoitring, &c., where it is not very usual to measure a 
distance nearer than within about its thousandth pait, or to ascertain 
an angle nearer than within two or three minutes, it is quite a useless 
labour to aim at greater accuracy in a numerical result. Why com- 
pute the length of a line to the fourth, or fiflh place of decimals, when 
it must depend upon another line, whose accuracy cannot be ensured 
beyond the unit's place ? Or, why compute an angle to seconds, when 
the instrument employed does not ensure the angles in the data beyond 
the nearest minute ? In the following Table are brought together the 
natural smes, and cosines, &c., to every degree in the quadrant, and this 
table will be found sufficiently extensive, and correct for the various 
practical purposes above alluded to. The requisite proportions must, 
it is true, be worked by multiplication, and division, instead of by 
logarithms. Yet this by no means involves such a disadvantage as 
might seem, at first sight. For when the measured lines are expressed 
by three, or at most, four figures, the multiplications^ and divisions 
are performed nearly as quick, and in some cases quicker, than by 
logarithms. Then as to accuracy, even in cases where the computer 
will have to take proportional parts for the minutes of a degree, the 
result may usually, if not always, be relied upon to within about a 
minute." 

* In lient-GoIonel B. Jackson's scientific ** Treatise on Military Surveying 
&c., &c., &c.," Portable trigonometry without logarithnUf is thus introduced — 

" The following useful application of Trigonometiy, by means of the natural 
sines, tangents, &c., is taken from an early number of that valuable periodical, 
* The Mechanics' Magazine.' and will be found particularly suited to the 
purposes of the military surveyor." 
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A TABLE OF NATURAL SINES, COSINES, TANGENTS, COTANGENTS, 

SECANTS, AND COSECANTS, 

to every Degree of the Quadrant, 



Sines. 



•00000 
•01746 

03490 
'05234 
■06976 

08716 



•10453 
•12187 
•13917 
•16643 
•17366 



•19081 
•20791 
•22495 
•24192 
•25882 



'27564 
'29237 
'30902 
•32557 
•34202 



•35837 
•37461 
•39073 
•40674 
•42262 



•43837 
•45399 
•46947 
•48481 
•60000 



•51504 
•62092 
•64464 
•55919 
•67358 



•68778 
•60181 
'61566 
•62932 
'64279 



•65606 
•66913 
'68200 
•69466 
'70711 



Cosines. 



1*00000 
-99986 
'99939 
99863 
99756 
99619 



•99452 
•99255 
'99027 
'98769 
'98481 



•98163 
•97815 
•97437 
•97030 
•96593 



•96126 
•95630 
•95106 
•94552 
•93969 



•93368 
•92718 
•92050 
•91355 
90631 



•89879 
•89101 
•88295 
•87462 
•86603 



•85717 
•84805 
'83867 
'82904 
'81915 



•80902 
•79863 
•78801 
•77715 
•76604 



•75471 
•74314 
'73135 
'71934 
'70711 



Tangents. 



•00000 
•01745 
•03492 
•05241 
•06993 
•08749 



Ck)tangent8. 



'10510 
'12278 
•14054 
'15838 
'17633 



•19438 
•21256 
•23087 
•24933 
•26795 



•28675 
•30573 
•32492 
•34433 
'36397 



•38386 
•40403 
•42447 
•44523 
•46631 



•48773 
•50952 
•53171 
'55431 
•57735 



•60086 
•62487 
•64941 
•67451 
•70021 



•72654 
•75365 
•78129 
•80978 
■83910 



•86929 
•90040 
•93261 
•96569 
1 '00000 



Infinite. 
67-2900 
28-6363 
19*0811 
14*3007 
11-4301 



9*51236 
8*14435 
7*11537 
6*31375 
6*67128 



6*14455 
4*70463 
4-33148 
4^01078 
3*73206 



3*48741 
3*27085 
3*07768 
2*90421 
2*V4748 



2*60509 
2*47609 
2*35586 
2*24604 
2*14451 



2*05030 
1*96261 
1*88073 
1*80405 
1*73206 



1*66428 
1*60033 
1^ 63986 
1 •48256 
1 •42815 



Cosines, Sines, // Cotangents. 



1 •37638 
1^32704 
1^27994 
1*23490 
1*19175 



1*16037 
1*11061 
1*07237 
1*03653 
1*00000 



Secants. 



1*00000 
1*00015 
1*00061 
1*00137 
1*00244 
1*00382 



Gosecants. 



Infinite. 
67*2987 
28*7537 
19*1073 
14 •3366 
11 '4737 



1*00561 
1^00761 
1^00983 
1*01246 
1^01543 



01872 
02234 
02630 
■03061 
03628 



1*04030 
1*04669 
1*06146 
1*05762 
1*06418 



9*56677 
8*20661 
7^18530 
6*39246 

6*75877 



6*24084 
4*80973 
4^44541 
4*13356 
3*86370 



3*62796 
3*42030 
3*23607 
3*07165 
2*92380 



1*07114 
1*07863 
1*08636 
1*09464 
1*10338 



1*11260 
1*12233 
1*13267 
1*14335 
1*15470 



2*79043 
2*66947 
2*55930 
2 45859 
2*36620 



1*16663 
1*17918 
1*19236 
1 -20622 
1*22077 



2-28117 
2*20269 
2*13005 
2*06266 
2*00000 



1*94160 
1*88708 
1*83608 
1*78829 
1*74346 



1*2360Y 
1*25214 
1*26902 
1*28676 
1 30641 



1*32501 
1*34563 
1*36733 
l*3aQ\^ 



1*70130 
1*66164 
1*62427 
1*68902 
1 •66572 



1 •62425 
1*49448 



Tangenta \\ Coaeca»\%. \ «<e»s».\»- 
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" The precediDg table is so arranged that for angles not exceeding 
45 degrees, the sine, and cosine for anj number of degrees will be 
found opposite to the proposed number in the left-hand column, and 
in the column under the appropriate word. When the number of 
d^rees in the arc, or angle, exceeds 45 degrees, that number must be 
found in the right-hand column, and opposite to it in the column 
indicated bj the appropriate word at the bottom of the table. Thas, 
the sine, and cosine of 36 d^rees are * 58778, and '809O2 respectively; 
the tangent, and cotangent of 62 degrees are 1*88073, and * 53171 
respectively ; the radius of the table being unity, or 1. The taking of 
proportional parts for minutes can only be done correctly in those 
parts of the table where the differences between the saccessive sines, 
kc,f run pretty uniformly. Suppose we want the natural sine d 
20O 16'. The sine of 21 degrees is • 35837, that of 20 degrees is 
•34202 ; their difference is 1635. This divided by 60 gives 27-25 
for the proportional part due to 1 minute, and that again multiplied 
by 16 gives 436 for the proportional parfc/or 16 minutes. Hence the 
sum of '34202 and 436, or -34638, is very nearly the sine of 20° 16'. 
But the operation may often be contracted by recoUecting that 
10 minutes are J, 15 minutes are }, 40 minutes are } of a degree, and 
BO on. Observe, also, that for cosines the results of the operations for 
proportional parts are to be deducted from the value of the required 
tr^nometrioEd quantity in the preceding degree." 

APPLICATION OP TRiaONOMETRY, WITHOUT L0GABITHM8, 

to the determination of Heights^ and Distances. 

Uxan^le 1. — Having measured a distance of 200 feet in a direct 
horizontal line from the bottom of a steeple, the angle of elevation of 
its top, taken at that distance, was found to be 47^ 30', from hence 
it is required to find the height of the steeple ? 

By deducting 47^ 30' from 90^, the angle opposite the given aide 
will be found (42° 30'). 

Then by Case 1. Trigonometry : — 

As sine /. 42° 30' : 200 : : sine /. 47° 30' : 

Or • 67556 : 200 : : • 73723 : 208 • 2, &c., height reqniied. 

By consimction — 

The triangle is constructed by making the side from a scale ef equal 
parts, and dying down the angles from the protractor. Then by 
measuring the unknown parts by the same scale, the solution will lie 
obtained. 

Example 2. — Being on the side of a river, and requiring the dis- 
tance to a house on the other side, 200 yards were measured in a 
straight line by the side of the river, and at each end of this base line 
the angles with the house were 68° 2', and 73° 15' — required the 
distance from each end o? ^fe'\»afc\vQft \ft Iha house ? 

The sum of the given «n%\» ^^^^ "^ \ ^'^ ^^^ ^c&f«wi«a.^^ 
ISQO will give the third WQ%\e ^^^^ AS^V 
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Then by Case 1. Trigonometry : — 

As sine ^ 38° 43' : 200 : : sine ^ 68^ 2' 

•62544 : 200 : : -92739 : 296^5 first distance required. 
As sine /. 38° 43' : 200 : : sine /. 73° 15' 

• 62544 : 200 : : • 957 53 : 306*1 second distance required. 

Similarly to the preceding examples, heights, and distances may 
be rapidly (and for military purposes, sufficiently accurately) com- 
puted in the field, by means of the foregoing trigonometrical table, if 
proper attention is paid to the principles by which the unknown angles 
of triangles may be ascertained : a base line, and requisite angle, or 
angles, having been given. 

It will, however, be necessary to use advantageously the methods 
in Cases 1, 2 (^ide Trigonometry), and also Uie properties in the 
subsequent theorems, and corollaries.'*' 

Table, 

showmg Vie nduction in feet, and decimcUs upon 100 feet , for the 
following angles of elevation, and depressjbn. 



Angle. 


Bednction. 


Angle. 


BeductioD. 


Angle. 


Bednctioa. 


O r 




o r 




o f 




3 


•14 


9 


1-22 


15 


3-40 






9 30 


1-38 


15 30 


3^64 


4 


•25 


10 


1^52 


16 


3-88 






10 30 


1^68 


16 30 


4' 12 


5 


•38 


11 


1^84 


17 


4-37 






11 30 


2-01 


17 30 


4*63 


6 


•55 


12 


2-19 


18 


4-90 


6 30 


•65 


12 30 


2 '37 


18 30 


6-17 


7 


•76 


13 


2^56 


19 


5-44 


730 


•86 


13 30 


2-77 


19 30 


6-74 


8 


•98 


14 


2-97 


20 


6-08 


8 30 


1-10 


14 30 


3-18 


20 30 


6-33 



The reduction for 100 feet (fi-om the above table) multiplied by the 
lumber of times 100 feet measured, will give the quantity to be sub- 
racted from the measured length of an inclination, to reduce it to a 
lorizontal position. 



* For forther infonnation on Surveying, and Beconnoitring, reference should 
e made to the highly- valoed publication, entitled " A TaiEATiSB on Militart 

DBVETINO, INOLUDUTO SKBTCUINO IN THE FlELD, pLAN DSAWINO, LeVBIXINO, 

[iLiTABT Rboonnoissance, &c," by Lieut.-Oolonel Basil Jackson, containlnig^ 
full account of every surveying Instrument, and the right adu^\»i^vi>\!k vkV^E^Kssx. 
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Table, 

showing the rate of inclination of inclined planes, for the following 

angles of elevation. 



Angle. 


One in 


Angle. 


One in 


Angle. 


One in 


o r 




O f 




9. ' 




15 


228 


3 30 


17 


7 


8 


30 


114 


3 45 


16 


7 30 


7i 


45 


76 


4 


15 


8 


7 


1 


56 


4 15 


14 


9 


6i 


1 15 


46 


4 30 


13 


10 


6 


1 30 


38 


4 45 


12 


11 


5| 


I 45 


32 


5 


Hi 


12 


H 


2 


28 


5 15 


11 


13 


5 


2 15 


26 


5 30 


lOi 


14 


^ 


2 30 


23 


5 45 


10 


15 


4 


2 45 


21 


6 


H 


16 


3| 


3 


19 


6 30 


9 


17 


3| 


3 15 


18 


6 45 


8i 


18 


3i 



SURVEYING, AND RECONNOITRING. 

HEIGHTS, AND DISTANCES. 

The accurate determination of heights, and distances of objects being 
required in various military operations, especially for the position of 
batteries, the following methods for their attainment will be found 
useful, when the requisite instruments are at hand ; by frequent prac- 
tice, the eye should, however, be enabled to determine, nearly, eitho: 
the height of, or distance from any object. 



HEIGHTS. 
1. — ^BY MEANS OF A " POCKET SEXTANT," 

to ascertain the height of cm object. 

When the sextant is used for taking the height of objects. It is to be 
held vertically, and the quicksilvered part of the horizon glass will be 
on the left hand of the observer, or on the left part of the transparent 
glass. Altitudes are measured in the same manner as horizontal angles, 
for if we conceive the horizontal triangle ABC {vide Plate 2, Fig. 2, 
page 298) to be raised on its base A C with the angle C next to the 
observer, then the perpendicular A B becomes the height of the object B ; 
and supposing the object to stand on a horizontal plane, then the ground 
and the object form the ngjht angle at A ; therefore, if the object is 
accessible, the sextant need oii\^ >o^ sfe\. ^\. «xq «afl ^«i vcL'^<i& xjoftutioned 
for distances {vide Art.I>iariJ^sc.^» wA w^\^\3hw^^%s^ ^^s^Siofe 



riaU 2. 



HEIGHTS. iV^." 4'. 



ri^iy 



^y 





DiSTAlirCBS 



A. 



N?2. I 
I 
I 
I 
I 



J^?3 



HBIOHTS.iVT'J'. 

Distances. JV?*tf. 





F G I 



PRACTICAIi GBOMBTBY. 



Jiff.22. 
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line A C until tlie top of the object is brought down to the height ot 
the observer's eye from the ground, then the distance fiom where the 
observer stands to the object will be in the same proportion to its 
height as the base was to the distance. Then add the height of the 
eye from the ground, and the height of the object will be ascertained. 
If the object is not accessible, the angle must be taken, and calculated 
by trigonometry, 

2. — ^BT MEANS OF A PORTABLE BABOMETER, AND THEBHOMETEB, 

to ascertam the height of an object. 

Observe the altitude (B) of the mercurial column in inches, tenths, 
and hundredths, at the bottom of the hill, or other object, the height 
of which is required. 

Observe, also, the altitude (b) of the mercurial column at the top ot 
the object. Observe the temperature on Fahrenheit's thermometer at 
the times of tihe two barometrical observations, and take the mean 

B— b 
between them. Then 55000 X ;: — r = ^^ height of the hill in feet, 

Bxb * ' 

for the temperature of 55 degrees on Fahrenheit. Add ^ of thid 
result for every degree which the mean temperature exceeds 55 degrees, 
and subtract as much for every degree below 55 d^ees. This will 
be a good approximation when the height of the hiU is below 2000 
feet. 

3. — BY MEANS OP THE RECJONNOITRINa PROTRACTOR,* 

to measure the height of an inaccessible object, 

IPlcOe, SURVBTIKO, AND REOONlTOrrBIHa, Fig, 1.] 

Place yourself at a convenient distance from the object whose height 
is required, taking care to have a good base line to the second station* 
Hold the protractor vertically, with a steady hand, the tube side 
uppermost, and bring the top of the object in a line with the centre of 
the tube. Allow the arm (or index) to vibrate freely, and, when 
steady, note the angular height of the object (shown by the edge of the 
Index on the marginal scale of degrees). By the aid of points taken 
through the tube, or by pickets, then pace, or measure a base in a 
direct line from the object ; and, when arrived at the second station, 
again note the angular height of the object. 

Construction — 

Set off the angles, and^draw the respective lines, which, by their 
intersection, will determine the height of the perpendicular, to which 
the height of the protractor above the ground must be added for the 
altitude of the object. By using the scale of the measured base line, 
the height required will be ascertained, or it may be calculated by 
»* Trigonometry, without logarithms." — Page 338. 

* ride page 341. 
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To measure the height of an accessible objects 

IPlate, SiTBVBTiirQ, amd Bboonmoitsiko, ISg. 2.] 

At an appropriate distance from the object, take its angular he^ht, 
and measure the distance to its base. 

Construction — 

Draw a line representing this distance, at one end of wfaidi draw 
another line at the angle found, and at the other erect a perpoh 
dicular ; the intersection of these lines will determine the altitude pf 
the object. 

To measure the vertical height of a hUl, or mountain, 

IFig. 3, Plate, Susyetino, Axn) Beoomhoitbjno.][ 

From a station a short distance from the hill, take, and note down 

its angular height ; then select a rear position for a base line, using the 

tube of the protractor to insure a straight direction ; proceed to the 

requisite distance on the base, and again note the altitude of tbe hill. 

Constmction — 

The intersection of lines drawn from each end of the base line at 
the angles found, will determine the altitude; the perpendicular height 
of which, added to that of the protractor aboye the ground, will gife 
the altitude required. 

To measure the altitude of a tower, ^c., on a height, 
[Fig. 4, Plate, Subtetivo, Avn RBCOHiraiTRnro.^ 

From the first station, near the base, take the altitude of the hill, 
and also that of the tower above it, and note down these angles ; pro* 
ceed to another station in a straight line with the former one^ measuring 
its length, and again observe the angular height of the hill^ and also 
that of the top of the tower. 

Similarly to the previously described mode, ascertain, first, the htigfaft 
of the hill ; second, the height of the hill, and tower ; deduct the fink 
calculation from the second, which will leave the height of the tower. 

In all the foregoing cases the heights may be correctly ascertaiiMd 
by trigonometrical calculations (ciitfTRiGONOMETBT, without IjOQA* 
BITHM8, page 338). 

4. — BY THE SHADOW OP THE OBJECT^ 

to ascertain the height. 

Set up vertically a staff of known loigth, and measure the lenirth of 
its shadow upon a horizontal, or other plane ; measure also the length 
of the shadow of the object of whkh the altitude is required* TheDi 
by the property of similar triangles, 

As the length of the shadow of the staff 

is to the altitude o€ the «taff, 
80 is the length of \he sk\i«A,o^ qI >iiaft Oa^'^^^X 
to the altitude o£ ^^ objpc\^ 
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I 



5. — WHEN THERE IS NO SHADOW, 

to ascertain the height. 

Place a staff (equal in l^igth to the height of the obserrer's eye) 
vertically at such a distance from the foot of the required altitude, 
that the observer, having laid himself upon his beck, with his feet 
against the bottom of the stick, may see the top of the staff, and object 
in the same line. Then, by similar triangles, th^ height may be 
readily ascertained. 

6.— BY MEANS OP THE TANGENT SCALE OF A GUN, 

to ascertain the height of an object, the distance being knoump 

Lay the gun for the top of the object the height of which is 
required, then raise the tangent scale until the top of it, and the notch 
on the muzzle are in line with the bottom of the object : then, by 
similar triangles, 

As the length of the gnn 

is to the length of the raised part of the tangent scale, 
so is the distance fi'om the gun to the object, 

to the height required. 

7, — BY MEANS OF TWO PICKETS, 

to ascertain the height of an object, 
[ Vide and Plate, Hbighis, akd DmjafCEs, Fig. I.] 

Let two picket's C D (4 feet), E F (6 feet), be placed with their 
bases in the line C A passing through A the height required, and move 
them nearer to, or farther from each other, until the summit B of the 
object is seen in the same line as D, and F, the tops of the rods. Then, 
by the principles of similar triangles, 

A8DH( = CE) : FH :: DG( = CA) : BO. 
To which add A G = C D for the whole height A B. 

Thus, supposing C £ to be 6 feet, F H 2 feet, and C A 150 feet, the 
proportion will be. 

As 6 : 2 : : 150 : 50 feet. 

Then 50 + C D will be the altitude required. 

DISTANCES. 
1. — BY MEANS OF THE SEXTANT,* 

to find the distance ftxnn an object, whose height til known. 

Let A B represent the height of the object ; C your station ; and C B 
the distance to be found. 

Take the angle BC A with the sextant,* and note it in mbu.te&\ 



* Or Reooxmoitx\n^ pto\xql<c\sc« 



346 DISTANCES, [PAKT IH. 

then A B, in feet X 573 -1- B C A, in minutes = A C in fathoms. Or 
A B in feet X 573 4- B C A, in minutes X 2 = A O in yanb. 




573 is a constant multiple. 

This method requires no table of sines, &c., the number of minate 
in the angle being used instead of the sine. 

2. — BY MEANS OF A POCKET SEXTANT, 

to measure inaccessible distances. 

When used for taking the distance of objects, the sextant is to 
be held horizontally, and the quicksilvered part of the glass will be 
uppermost, or above the transparent part. 

To ascertain the distance A B {vide Plate 2, I^, 2), obtain, bj 
observation, the direction AC perpendicular to AB, which is thus 
performed : — Set the instrument at 90^, and place yourself at the 
point A, with your right towards the point B ; tiien look through the 
sextant, and direct a picket to be placed in the line A C at 100 yanis, 
or feet, from you, so that the point B will appear right above it 
Then set the sextant at 45^, and walk along the line towards G until 
you bring the points A, and B to coincide ; tiie base and perpei^icohur 
will then be of equal length, and A C being known, or measniedf the 
distance A B will also be ascertained. But if you cannot walk fiu" 
enough to find angle C 45°, find it equal to 63° 26', and then 
AC = i AB; at7l034' = JAB; at 750 58' = iAB; at 780 41' 
= i A B ; at 80O 32' = J A B; at 82° 52' = J AB; and at 840 17* 
the distance will be ^ A B. 

Should the object be far distant, it will be necessary to fa^W a 
long base, and the side A B must be calculated, therefore, by tri- 
gonometry. 

3. — BY MEANS OF THE PRISHATIC CX>1IPA88, 

to measure inaccessible distances. 

Having fixed the instrument to the stand, place it over the station- 
point, spreading the legs so as to give sufficient firmness, and observiag 
that the card is level enough to allow it to play freely ; nuse the 
prism by means of the slide, until the divisions of the compass-caid 
are distinctly seen ; then look through the slit, and tun the box nNmd 
until the thread bisects the object whose distance is required • allow 
the card to settle, and \]i\e ^vvmou oa \Vt^\\\ch coincides with tht 
thread of the vane, will \>« X\i« asaskuSik^ ^t Xmsvo!^ ^ SJm^ ^bJMt, 
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reckoned from the north, or south point of the needle, when the card 
is divided into twice 180 degrees. The angular distance between any 
two objects will, of course, be the difference of their bearings ; thus, 
suppose one to bear 15^ N.E., and the other 165^ S.E., the angular 
distance between them will be 150°, 

In military sketching, the compass is often supported merely by the 
^nds, using the little spring to check the vibrations of the card. Jn 
windy weather, the mean of these vibrations must be taken for the 
bearing sought. 

The directions for Surveying, &c., &c., by means of *' The Recon* 
noitrlng protractor," apply similarly to the *< Prismatic compass." 



*> 



4.— BY MEANS OP " THE RECONNOITRING PROTRACTOR,* 

to ascertain the distance from inaccessible objects,* 

[Plate, SusvBTiKO, and Reoonnoitbino, Fig. 6.] 

Select a good position for a base line ; fix the protractor on the 
tripod at the first station, placing the instrument in a direct line 
between the first station, and the point selected for the second statical. 
Direct the index consecutively at the objects, the relative distances of 
which are to be ascertained, and note correctly their respective angles. 
When the object is above the horizontal line, the sliding-sight must be 
sufficiently raised to take its bearing ; and, should the object be below 
the level of the protractor, its angle may be taken by observation 
through the upper holes of the near sight ; or the feet of the tripod 
may be adjusted, by raising, or sinking them in the ground, so that the 
index may be correctly directed to the object. Then proceed to the 



* 1. The Reconnoitring protractor is not intended to supply the place of the 
Theodolite, or other expensive instramenls, when very great accuracy is 
required in surveying, or in trigonometrical observations ; but. in the hands of 
officers accustomed to the use of it, bearings may be rapidly taken, heights and 
distances ascertained, roads traversed, &c., &c, with snfocient accuracy for a 
military survey, or reconnoissance. 

The protractor has a tripod, on which it is to be steadily fixed for taking 
angles, &c. ; but the instrument can nevertheless be used without the tripod ; 
and mounted officers may, after a little practice, make a recounoissance with 
the protractor alone, especially if they are able to measure, or calculate the 
distance of base lines, by the length of the paces of their horses. 

2. A survey, &a, may be very rapidly taken in the field, by laying drawing- 
paper on the face of the protractor, under the marginal scale, fixing it firmly 
by means of drawing-pins in the sides, and using, at the first station, the edgd 
of the index as a ruler to set ofT on the paper, at once, by observation through 
the sights, the angles of the objects whose distance is required ; drawing a base 
line parallel to the tube side of the instrument, and also lines at the angles 
found. At the second station, the paper must be moved a few inches towards 
the first station, and the index is to be directed to the otijects, as before, and 
lines are to be produced until they Intersect those drawn at the first station : 
thus the position of the otjects will be obtained ; and, by using the scale on 
the index for the length drawn for the measured base line, as well as for thA 
lines directed to the objects, their respective distances willbb «Aicet\x&LW<^. 

3. The reconnoitring protractor, and a\\ ot\\«t VrfflVranvctA* Vst vsr^^^vosii^ 
&c &c., can be readily obtained from Meuc«. "EVWoV-t, ^^» «tt«A,\*»^'«^- 
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second station, measaring, or carefxilly pacine the base line, at tiie aid 
of which fix the protractor in a straight line between the two etations; 
direct the index at the objects previously noted at the first statioo, 
taking their respective angles as before. 

Construction — 

Draw the base of the length required, according to the scale ; finira 
each end of which set off the angles found, and draw the lines required; 
the intersection of these will determine the position of the several 
objects, and their relative distances may be ascertained by measurement 
on the scale of the base line ; or they may be calculated trigonometri- 
cally. 

5. — BY MEANS OF TWO PICKETS, 

to ascertain the distance from an object. 

Take two pickets of unequal lengths, drive the shortest into the 
ground, say close to the edge of a river ; measure some paces back firom 
it, and drive in the other, till you find, by looking over the tops of 
both, that your sight cuts the opposite bank. Pull up the first picket, 
measure the same distance from the second in any direction the most 
horizontal, and drive it as deep in the ground as before. Then, if yon 
look over them again, and observe where the line of sig^t fails, or ter- 
minates, you will have the distance required. This method is only 
applicable to short distances. 

6. — To ascertain the distance of the object A from B. 
[FtacPIafc2, J^. 3.] 

Place a picket at B, and another at C at a few yards' distance, making 
A B C a right angle, or B C perpendicular to A B,* Divide B C into 
4, 5, or uiy number of equsd parts, make another similar angle at C 
in a direction from the object, and walk along the line C D until yoa 
bring yourself in a line with the object A, and any of the divisions 
(say 0) of the line B C. Then (having measured C D) as C : CD 
:: BO : BA. 

Or, as 10 : 53 : : 30 : 159 yards, 

7. — To find the distance between two objects, C, and D. 

IVide PUUe 2, Fig, l."} 

From any point A, taken in the line C D, erect the perpendicular A E, 

on which set off from A to £ 40 yards, set off from E to Q, in the pro- 

I loogation of A£, 10 yards, at G, raise the perpendicular G F, and prodnce 

it towards I, plant pickets at E, and G, then move with another mcket 

on G F, till F is in a line with E, and D ; and on the prolongation of 

• To erect a pwipcniflikvj^M , xW* ** ^«RX2tfsiiL^«sisi^>x^ ;» 
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the perpendicular F G place another picket at I in the line with £, and 
C : measure F I (54 yards), then — 

asGE : AE :: FI : CD; 

Or, as 10 : 40 : : 54 : 216 yards. 

8. — To find the inaccessible length. A, B, of the front of a fortification, 

iPlate 2, Fig, 5.] 

Plant a picket at C, from whence hoth points may be seen ; find the 
lengths C A, C B (by the method in No. 5) ; make E one-fourth, or 
any part of C B, and make C D bear the same proportion to C A : 
measure D E ; then 

asCD:DE::CA:AB, 

Nearly in the same manner the distance from B to A may be ascer- 
tained, when the point B is accessible ; for having measured the line 
C B, and made the angle C E D equal to C B A, the proportion will be 
as C E : D E : : C B : B A. 

9. — BY MEANS OF THE TANOENT SCALE OF A GUW, 

to ascertain the distance, the height of the object at the required 

distance hevng known. 

Lay the gun by the line of metal for the top of the object ; then 
raise the tangent scale till the top of it and the notch on the muzzle 
are in line with the foot of the object, and note what length of scale is 
required. 

Then, — by similar triangles — 

As the length of the raised part of the tangent scale 

is to the length of the gun ; 
so is the height of the distant object 
to the distance required. 

Thus, supposing the height of the object to be 9 feet, the length of 
that part of the tangent scale which is raised^ 3 inches, and of the gun 
6 feet, the proportion will be-^ 

As 3 : 72 : : 108 : 2592 inches, or 216 feet. 

10. — BY MEANS OF THE PEAK OF A CAP, 

to measwe the breadth of a river. 

Place yourself at the edge of one bank, and lower the peak of your 
cap till you find the edge of it cut the other bank, then steady your 
head by placing your hand under your chin, and turn round gently to 
some level spot of ground on your side of the river, and oha«CT^ nrVrs*. 
your eyes, and the edge of the peak ag^edn. iafeft\. ^'fe ^^sosA^ \3B«aK«ss» 
the distance, which wiJl be nearXyj the \>xe8AVk oi ^<i tct«» 
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11. ^BT THE REPORT OP FIRE-ARMS, TO ASCERTAIN THE DISTANCE 
OF ANY OBJECT, Vide SOUND, page 351. f 

12. — B7 ETE-siOHT, to estimate distanceSf in the field. 

Good eyesight recognises masses of troops at 1 700 yards * beyoDd 
this distance the glitter of arms may be obsei-ved. At 1300 yanis 
infimtry may be distinguished from cavalry, and the movemoit of 
troops may be seen ; the horses of cavalry are not, however, quite dis- 
tinct, but that the men are on horeeback is clear. A single individual 
detached from the rest of the corps may be seen at 1000 yards, but his 
head does not appear as a round ball until he has approached up to 
700 yards; at which distance white cross-belts, and white trousers 
may be seen. At 500 yards the face may be observed as a light 
coloured spot ; the head, body, arms, and their movements^ as weUas 
the uniform, and the firelocks (when bright barrels) can be made out 
At between 200 and 250 yards all parts of the body are clearly visible, 
the details of the uniform are tolerably clear, and the officers may be 
distinguished from the men. 

Vide " United Service Magazine,"— No. CCCXXXI, 

BY MEANS OF THE RECONNOITRING PROTRACTOR, 

to traverse roads, 

[PlcUe, SUEVETINO, AND RsCONKOITBtKO, JS^. 6 J 

Fix the protractor on the tripod at the fii-st station, placing it so 
that the side tube may be in a direct line with the intended second 
station. From each end of the tube observe the objects in sight (or 
place pickets) in order to secure a straight line in pacing, or measuring, 
from the first to the second station. Mark the distance between the 
stations, and place the protractor, by means of the tube, in a direct 
line witii the first station. Then select the third station, and direct 
the arm or index correctly to it (using the upper holes of the near 
sight for a declivity, or raising the sliding sight for an ascent) ; note the 
angle thus found, and notice the objects in front, and rear (if any, if 
not, place pickets) for points to enable you to pace towards, and work 
with accuracy at the third station. Select station 4, place the tube in 
line with the third, and second stations ; note the bearing of No. 4, 
and pace the distance to it. Proceed thus from station to stati<Hi, 
entering the angles, and distances in your note-book, as well as the off- 
sets (which must also be carefully measured) from the lines taken 
until the survey is completed. 

The traversing may be performed in a similar manner with the 
Prismatic compass, &c. 

Constrtiction — 

The day's work will be easily plotted on paper, by settins off the 
angles found, and drawing \m«& iox tb^ measured distances, accordioff 
to scale* 
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SOUND. 

The movement commmiicated to the particles of air bj the vibra- 
tions of a sonoroas body is the cause of the seusation of sound ; and it 
is because the particles are driven from the point of vibration in every 
direction, as from a centre, that the sound is perceived at once, every-> 
where within the surface of a sphere of a certain extent. 

The velocity of sound ; or the space through which it is propagated 
in a given time, has been differently estimated by authors who have 
written on this subject. Rober^'al states it to be at the rate of 560 
feet in a second ; Gassendus at 1473 ; Mersenne at 1474 ; Duhamel at 
1338 ; Newton at 960 ; Derham, in whose measure Flamsteed and 
Halley acquiesce, at 1142. By accounts in the Memoirs of the Royal 
Academy of Sciences, at Paris, 1738, when cannon were fired at 
various distances, under many varieties of weather, wind, and other 
circumstances, and where the measures of the different places had been 
settled with the utmost exactness, it was found that sound was propa- 
gated, on a medium, at the rate of 1038 French feet in a second of 
time, which is equivalent to 1107 English feet, the French foot being> 
in proportion to the English as 15 to 16. 

From various experiments made with great care by Dr. 0. Gregory, 
it has been found that sound flies through the air uniformly at the 
rate of about 1100 feet per second, when the air is quiescent, and at a 
medium temperature. At the temperature of freezing, or a little 
below, the velocity is about 1120. The approximate velocities under 
different temperatures may be found by adding to 1100 half a foot for 
every degree on Fahrenheit's thermometer above the freezing point* 
The mean velocity may be taken at 370 yards per second, or a mile in 
4} second. Hence, multiplying any time employed by sound, in 
moving by 370, will give the corresponding space in yards, or divid- 
ing any space in yards by 370 will give the time which sound will 
occupy in passing uniformly over that space. If the wind blow 
briskly, as at the rate of 20 to 60 feet per second, in the direction in 
which the sound moves, the velocity of the sound will be propor- 
tionally augmented ; if the direction of the wind is opposed to that of 
the sound, the difference of their velocities must be employed. The 
velocity of sound is not affected by its intensity, the smallest sound 
noving as rapidly as the loudest. 

lb ascertain the Distance of any object by the report of fire arms,f 

Multiply the number of seconds which elapse between the time of 
eeing the flash, and hearing the report by 1100, and the product 
rill be the distance in feet, with sufficient accuracy for ordinary 
iurposes. If greater acxsuracy be required, this rule must be modified, 
n account of tiie velocity, and direction of the wind, and state of the 
bermometer. 

Sound will be louder in proportion to the condensation of the air« 
iTater is one of the greatest conductors of souiid*^ \\. ^asL^ife\kR»x^ <sa> 
'ater nearly twice as far as upon land. 
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RECONKOITRING.* 

The following Memoranda will serve to point out the pradpti 
objects to which an officer employed on the important dntf of 
Reconnoitring should direct his attention. 

1. The particular nattire of each district^ ^c, <if coumiry; mi^ 

productions^ 

Information should be obtained, and noted on the following snbjeete. 
What parts of the country are mountainoas, or hilly, and what an 
level ; whether the hills are steep, broken by rocky groond, r»e br 
gradual and easy slopes, or if the ground is undulated only in gentle 
swells. In what directions the ridges run, and which aie tbar 
steepest sides. The nature and extent of their valleys, ravines^ where 
they originate, in what direction they run, whether difficult of access, 
or to be easily passed. Whether the country is barren, or cnltirated, 
and what is the kind of cultivation. If a country of pasturage, 
whether it is graeed by cattle, by sheep, or by horses, and in what 
numbers ; what parts of the country are open, and what are enclosed, 
and the description of the enclosures. What parts of the countiT iR 
wooded, and with what species of trees. What the nature of the soiL 
What is the nature of the country, in reference to the operations of 
troops, what parts of it are fiivourable for the acting of cavalir, and 
what for infantry only. 

2. The rioerSf minor streams^ and comoIb, 

The sources of Rivers, and the direction of their course, whether 
they are rapid, or otherwise; their breadth and depth, and w^ 
variations they are subject to, at different seasons of the year * the 
nature of their channels, and oS their banks, whether nx:ky, siyveOr, 
sandy, or muddy ; of easy, or of difficult access. 

Bridges, 

The Bridges across rivers whether of stone, or of wood their 
breadth, and length, if accessible to Artillery, and capable of bearing 
its weight. The nature of the Fords, if always passable, or at certain 
times, and seasons only; whether their situations change (a M 
should not exceed, in depth, 3 feet for infimtry, 4 feet for caralrr and 
2J feet for artillery). What rivers are navigable, and fixim and to 
what points, and by what description of vessels, or boats. 



* Extracted from ** A Treatise on Military Surveying, Incltidlnff Sksldiiu 
in the Field, Plan DTaN«^x^^ lANcKJ&a^ mUUry ReooonolaiiinoL A^Tlf 
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Ferries, 

Their breadth, and the nature of their landing-place on each side ; 
what description of boats are used at them, how many men, horses, or 
cannages, each boat is capable of conveying, how much time the 
passage requires, and in wlmt manner it is performed. 

Canals, 

Their course, breadth, and depth, the nature of the traffic carried 
on upon them, the number of the boats usually to be found at different 
places, and the nature, and dimensions of the boats, &c., navigated. 

ZakeSf and islets of the sea. 

Their situaticm, extent, and boundaries, what description of vessels 
can navigate them, &c. 

Marshes, 

Their situation, and extent, whether passable for troops in any part : 
and if they continue throughout the year, or exist only during the wet 
season. 

3. Popuiationy resources^ accommodation for l\v(^Sy ^c. 

The size of towns, and villages, and the number of their inhabitants 
and whether well supplied with provisions, or not. The number ot 
houses, churches, convents, or other public buildings, whether the 
houses are large, or small, what number of troops could be accom- 
modated in private houses, and what in public buildings; what 
stabling there is, or other cover for horses ; if the town is walled, or 
open, I'avourably situated for defence, or otharwise; if capable of 
being strengthened, and by what means. Plans, or sketches of walled 
towns, defensible villages, or detached buildings should always accom- 
pany the reports upon them. The number of carriages, horses, mules, 
and draught oxen in possession of each town, village, &c., should be 
stated, and what mills are in the town, or vicinity, and whether 
turned by wind, or water, what number of bakehouses, and quantity 
of bread they can produce in a given time ; whether the place is 
unhealthy, or not, if it be, whether it is in general unhealthy, or only 
so at particular seasons. 

Hoods, 

Particular information must be obtained respecting the roads, in the 
description of which it is impossible to be too minute. Whether the 
road is fit for Artillery, wheel carriages. Cavalry, or for Infantry 
only, over what description of soil it passes, and to what injuries it is 
liable in bad weather: whether it is easily repairable, or not; 
whether materials are to be found in the neighbourhood, whether any 
p-eat improvement can be made in the genersd direction of any part of 
the road, by adopting a new line, &c. Particular attention should be 
oaid to the ascents, and descents upon the road, whetK^t \}cv;^-^ %s^ 
rradual, or abrupt, rugged, or stony, Viavm^ ^\vot\. \.\rcYk&, o^ q\Jwe« 
lifficulties. The ferries, bridges, lords, &c., irvftX. ^VCb. \5:^«^ ^''^ ^^ 
honld be particalvly described; tbe poaftVbvWt^ ^1 o^»'c^ariCv%» 
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breaking up the road so as to prevent its being naed hj the cnemj, or 
of destroying the bridges, or fords should be stated. The distances rf 
the places along the road should be given, both id the measures of the 
country, and in English miles. The time required to travd the 
different distances (at the ordinary walk of a man, or pace of a horse) 
should also be stated. The places to the right, and left, near the road, 
should be mentioned ; their distances from the road, and at what 
points the communications to them strike off. Whether there are aof 
railroads, and what facilities they offo: for the rapid trans]M]i of 
troops, artilleiy, provisions, &o. 

Camps, and Positions, 

All strong passes, posts, or more ext^sive positions, whidi presest 
themselves either upon the line of a road, or in any other situation, a 
also all places favourable for encamping, or bivouacking troops shooU 
be particularly described, their situation, extent, facility ©f access, 
nature of soil, supply of water at all seasons, quantity and kind of 
wood, &c. 

A sketch of the ground should always accompapy these reports. 
Sketches of positions should never be made upon a smaller scale than 
four inches to an English mile. More general sketches may be made 
upon a scale of two inches to a mile, and tracings of roads upon a 
scale of one inch to a mile. In all Reports, officers should state 
distinctly what parts of the information they contain rest upon their 
own personal examination of the objects in question, and what upon 
the authority of others, and in the latter case, they should mention 
the source of their infoimation. 



THE END. 
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